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EXECUTWE SUMMARY

Soil vapor extraction (SVE) is being used to remove carbon tetrachloride from the vadose zone

at the 200-PW-1 Operable Unit (formerly designated as the 200-ZP-2 Operable Unit). The

purpose of this report is to evaluate the SVE system operating data and the effectiveness of SVE

in remediating the carbon tetrachloride contamination based on the existing remedial design.

This report has been revised to cover the operating period from February 25, 1992 through

September 30, 2001. The scope of the report includes the history of SVE operations at

200-PW-1, the efficiency of those operations over time, the volume of vapor processed per

extraction system, the change in carbon tetrachloride concentrations with time, the mass of

carbon tetrachloride removed per site, and recommendations for future operations and

evaluations. This revision includes an update to the carbon tetrachloride conceptual model.

Carbon tetrachloride was found in the unconfined aquifer beneath the 200 West Area at the

Hanford Site in the mid-1980's. Groundwater monitoring indicated that the carbon tetrachloride

plume was widespread and that concentrations were increasing. In response to this

contamination, removal of carbon tetrachloride from the vadose zone in the 200 West Area was

initiated in 1992 using SVE followed by aboveground vapor treatment on granular activated

carbon. By March 1993, three SVE systems, located near the three primary carbon tetrachloride

disposal sites, were in operation with a total capacity of 85 m3/min. The three primary carbon

tetrachloride disposal sites were the 216-Z-9, 216-Z-1A, and 216-Z-18 subsurface infiltration

facilities used from 1955 through 1973 for soil column disposal of aqueous and organic liquid

wastes.

Carbon tetrachloride concentrations in the extracted soil vipor have decreased significantly at all

three sites during operation of the SVE systems. Inital carbon tetrachloride concentrations in

extracted soil vapor wen approximately 30,000 pub per million by volume (ppmv) at the

216-Z-9 wellfleld and 1,500 ppmv at the 216-Z-IAiZd8 wellfield, Concentrations in extracted

soil vapor were approximately 40 ppmv at the 216-Z-9 wellfield and 25 ppmv at the

216-Z-IA/Z-18 wellfield when active SVE was last used at these sites in 2001.
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Operation of all three SVE systems was temporarily suspended during fiscal year (FY) 1997

(from November 1996 through June 1997) to evaluate the magnittide and rate of carbon

tetrachloride concentration rebound following temporary eessation of operations. Soil vapor

concentrations were measured in samples collected from 90 probeotand wells throughout the

SVE sites. The observed rebound in vapor concentrations indicates that additional carbon

tetrachloride is available for removal using SVE.

The primary source of this remaining available carbon tetrachloride appears to be the relatively

low-permeability zone from approximately 38 to 45 m depth. As carbon tetrachloride from this

lower permeability zone migrates into the overlying and underlying higher permeability zones, it

can be removed using SVE. However, the rate of removal will be controlled by the rates of

carbon tetrachloride desorption and diffusion. At many monitoringtocations; including ones

within the higher permeability zones, the relatively low carbon tetrachloride rebound

concentrations indicate that the readily accessible mass (carbon tetrachloride already in the vapor

phase or volatilizing directly from residual nonaqueous-phase liquid) has been removed. At

these locations, the availability of additional mass for removal using SVE is controlled by

desorption and diffusion kinetics of carbon tetrachloride adsorbed within soil particle micropores

and dissolved in soil moisture.

Based on the results of the FY 1997 rebound study and the declinin rate of carbon tetrachloride

removal during continuous extraction operations, the operating strategy was modified from that

of FY 1997 and previous years. Rather than operating all three SVO systems continuously, only

the 14.2-m 3/min system was used for carbon tetrachloride removal during FY 1998, FY 1999,

and FY 2001. During each of these fiscal years, the 14.2-m 3/min system was operated from

April through September; operation was temporarily suspended each fiscal year from October

through March. Operation was temporarily suspended during the entire year in FY 2000. The

28.3-m3/min and 42.5-m 3/min SVE systems were maintained in standby mode during FY 1998,

FY 1999, and FY 2001. All three systems were maintained in standby mode during FY 2000.

Carbon tetrachloride concentrations were monitored at each wellfield during each period of

nonoperation.

Performance Eval Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 200

June 2002 ES-2
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Between April 1991 (when the pilot test was conducted) and September 2001, approximately

77,154 kg of carbon tetrachloride were removed from the vadose zone using these three SVE

systems. Of this total, 53,318 kg were removed from the 216-Z-9 wellfield and 23,836 kg were

removed from the 216-Z-1A/Z-18 wellfield.

Passive SVE systems were installed on eight wells in FY 1999 and operated throughout FY 2000

and FY 2001 to remove carbon tetrachloride from the vadose zone. Passive SVE is a naturally

occurring process driven by barometric pressure fluctuations and is often referred to as

"barometric pumping." The eight wells are located in the 216-Z-IA/Z-18 wellfield. Between

October 1999 and September 2001, approximately 30 kg of carbon tetrachloride were removed

from the vadose zone using passive SVE.

The total mass of carbon tetrachloride removed between 1991 and 2001 using SVE represents an

estimated 10% of the original carbon tetrachloride inventory (approximately 750,000 kg)

discharged to the soil column. Approximately 0.1% of the original inventory was removed each

year in FY 1998, FY 1999, and FY 2001 (782 kg, 811 kg, and 710 kg, respectively). Between

1955 and 1990, an estimated 21% of the original inventory was lost to the atmosphere, 2% was

dissolved in groundwater, and 1% was biodegraded. The remaining 66% of the original

inventory is believed to be primarily in residual saturation, soil moisture, and nonequilibrium

sorption sites within the vadose zone and groundwater and possibly as a dense nonaqueous-phase

liquid in groundwater.

Recommendations for FY 2002 SVE operations include continuing cyclic SVE operations with

potential modifications to the system location and/or to the schedule to allow more efficient

extraction, continuing operation of the passive SVE systems with potential modifications to the

design and locations of the systems, and continuing carbon tetrachloride vapor concentration

monitoring during periods of nonoperation of the SVE system. It is recommended that an

evaluation be conducted to determine the frequency and type of SVE operations and monitoring

to be implemented in FY 2003.

ES-3
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ACRONYMS

B&K BrUel & Kjaer
bgs below ground surface
DBBP dibutyl butyl phosphonate
DNAPL dense nonaqueous-phase liquid
DOE U.S. Department of Energy
Ecology Washington State Department of Ecology
EPA U.S. Environmental Protection Agency
ERA expedited response action
FY fiscal year
GAC granular activated carbon
HEPA high-efficiency particulate air
PLC programmable logic controller
PID photoionization detector
RL U.S. Department of Energy, Richland Operations Office
SVE soil vapor extraction
TBP tributyl phosphate
VOC volatile organic compound
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METRIC CONVERSION CHART

If You Know

Length
inches

inches

feet

yards

miles

Area

sq. inches

sq. feet

sq. yards

sq. miles

acres

MM (weight)
ounces

pounds
ton

Volume

teaspoons
tablespoons

fluid ounces

cups
pints

quarts

gallons

cubic feet

cubic yards

Temperature

Fahrenheit

Radloactivft

picocuries
Pressure

inches (water)

Into Metric Units

Multiply By

25.4

2.54

0.305
0.914

1.609

6.452

0.093
0.0836
2.6
0.405

28.35
0.454

0.907

5
15

30
0.24

0.47

0.95
3.8
0.028
0.765.

subtract 32,
then
multiply by
519

To Get

millimeters

centimeters

meers

meters

kilometers

sq. centimeters

sq. meters

sq. meters

sq. kilometers

hectares

grams

kilograms
metric ton

milliliters

milliliters

milliliters

liters

liters

liters

liters

cubic antcrs

cubic meters

Celsius

37

249.07 pascals

if You Know

Length
millimeters

centimeters

meters

kilometers

Area

sq. centimeters

sq. meters

sq. meters

sq. kilometers

hectares

Mass (weight)

grams
kilograms

metric ton

Vohume

milliliters

liters

liters

liters

cubic meters

cubic meters

Celsius

Rmilloutivity

millibecquerel

Pressre

pascals

Out of Metric Units

Multiply By To Get

0.039

0.394

3.281
1.094

0.621

0.155
10.76

1.196
0.4

2.47

0.035

2.205
1.102

0.033
2.1

1.057
0.264

35.315
1.308

multiply by
9/5, then add
32

0.027

inches

inches

feet
yards

miles

sq. inches

sq. feet

sq. yards

sq. miles

acres

ounces

pounds

ton

fluid ounces

pints

quarts

gallons

cubic feet

cubic yards

Fahrenheit

picocuries

0.0040149 inches (water).
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1.0 PURPOSE

Soil vapor extraction (SVE) is being used to removecarbon tetrachloride from the vadose zone
at the 200-PW-1 Operable Unit (formerly designated as the 200-ZP-2 Operable Unit). The
purpose of this report is to evaluate the SVE system operating data and the effectiveness of SVE
in remediating the carbon tetrachloride contamination based on the existing remedial design.
This report has been revised to cover the operating period from February 25, 19!2 through
September 30, 2001. The previous versions of the report covered the operating periods from
February 25, 1992 through September 30, 2000 (Rev 5), February 25, 1992 through
September 30, 1999 (Rev. 4); February 25, 1992 through September 30, 1998 (Rev. 3);
February 25, 1992 through September 30,1997 (Rev. 2); February 25, 1992 through June 30,
1996 (Rev. 1); and from February 25, 1992 through June 30, 1995 (Rev. 0). The scope of the
report includes the history of SVE operations at 200-PW-1, the efficiency of those operations
over time, the volume of vapor processed per system, the change in carbon tetrachloride
concentrations with time, the mass of carbon tetrachloride removed per site, and
recommendations for future operations and data evaluation. This revision includes an update to
the 1994 carbon tetrachloride conceptual model (Rohay et al. 1994).
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2.0 BACKGROUND

Carbon tetrachloide was found in the unconfined aquifer beneath the 200 West Area at the
Hanford Site in the mId-1980's. (Groundwater monitoring indicated that the carbon tetrachloride
plume was widespread and that concentrations wernincreasing. On December 20,1990, the
U.S. Environmentl Protection Agency (EPA) and the Washington State Department of Ecology
(Ecology) requested the U.S. Department of Energy (DOE), Richland Operations Office (RL), to
proceed with theeintled plarning, including nonintrusive field work, required to implement an
Expedited Response:Action (ERA) for removing carbon tetrachloride contamination from the
unsaturated soils inthe 200 West Area. The request was based on concerns that the carbon
tetrachloide residing in the soils was continuing to spread to the groundwater and, if left
unchecked, would significantly increase the areal extent of groundwater contamination. The
purpose of this ERA is to minimize carbon tetrachloride migration within the vadose zone
beneath and away from the carbon tetrachloride disposal sites in the 200 West Area.

The first site evaluationswere conducted from January through April 1991 to refine the
preliminary conceptual model and to collect data in support of the selection and design of an
initial remedial action (lbgood and Rohay 1991). These initial site evaluations included a pilot
test of a SVE system. Results of the initial ERA site evaluations were summarized in
September 1991 (DOE-RL 1991).

Based on the initial investigations and on the engineering evaluation and cost analysis (EEICA),
the preferred altemative for removal of the carbon tetrachloride from the vadose zone was SVE
followed by aboveground vapor treatment on granular activated carbon (GAC) (DOE-RL 1991).
In January 1992, the EPA and Ecology issued an Action Memorandum authorizing the DOE to
initiate SVE for cleanup of the carbon tetrachloride (EPA 1992). The first SVE system began
operating in February 1992.

The objective of the ERA, as tated in the Action Memorandum, is to mitigate the thmat to site
workers, public healthMd thIe nvironment caused by the migration of carbon tetrachloride
vapors through the soil dolumn and into the groundwater. The ERA is an interim action taken to
reduce the mass of carbon tetrachloride in the soil column beneath the 200 West Area pending
the final cleanup activities.

The final cleanup activitiWSW be determined as part of the Comprehensive Environmental
Response, Compensation, andi ibry Act of 19&1mmedial investigation/feasibility study
process for the 200-PW-1 Operable Unit. The remedial investigation of the carbon tetrachloride
vadose zone plume wasiidtiatedinlfiscal year (M )2002'(DOE-RL 2002a).
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2.1 CARBON TETRACHLORIDE WASTE DISPOSAL

Carbon tetrachloride, contained in aqueous and organic wastes gexcrated during the Recuplex
and Plutonium Reclamation Facility plutonium processing operatilms at Z Plant (currently called
the Plutonium Finishing Plant), was discharged primarily to three 4bsurface infiltration
facilities: the 216-Z-9 Trench from 1955 to 1962, the 216-Z-lA Tile Field (and the associated
216-Z-1 and 216-Z-2 Cribs) from 1964 to 1969, and the 216-Z-18 Crib from 1969 to 1973
(Figure 2-1). The Recuplex operation was discontinued after a critality incident in April 1962,
and it was replaced in May 1964 by the Plutonium Reclamation Facility; no liquid organic waste
associated with these operations was discharged to cribs in the intarvening years. No liquid
organic waste was discharged to cribs after 1973. A total of 570,000 to 920,000 kg (360,000 to
580,000 L of carbon tetrachloride is estimated to have been discharged to the soil column during
this time (Table 2-1) (DOE-RL 1991).

Three other sites in the vicinity of Z Plant also received some carbon tetrachiloride wastes: the
216-Z-12 Crib, the 216-Z-19 Ditch, and the 216-T-19 Crib (Figure 2-1). The 216-Z-12 Crib
received analytical and development laboratory waste from Z Plant from 1959 to 1973 and is
estimated to have received a small volume of organics, which included carbon tetrachloride
(Kasper 1982). The 216-Z-19 Ditch was used to convey process cooling water and steam
condensate from Z Plant from 1971 to 1981; apparently, carbon tetrachloride was also
occasionally and/or accidentally released to this ditch because heavy organic was noted in the
outfall (Rohay and Johnson 1991). Between 1973 and 1976, aqueous waste saturated with
carbon tetrachloride was sent to the 242-T Evaporator; during that time, the 216-T-19 Crib
received approximately 1,400 kg (880 L) of carbon tetrachloride in the overhead condensate
discharged from this evaporator (Rohay et al. 1993).

2.2 CARBON TETRACHLORIDE WELLFIELD

The vadose zone underlying the carbon tetrachloride area consists 9 f approximately 66 m of
relatively permeable sand and gravel interrupted by a relatively less permeable interval
composed of 4 m of silt and sand and 3 m of carbonate-rich silt and sand. Because it constitutes
a relatively low flow zone, this less permeable interval from approximately 38 to 45 m depth
effectively divides the wellfield into two zones: an upper zone from the ground surface to the
top of the less permeable layer and a lower zone from the bottom of the less permeable layer to
the water table. Because of its higher concentration of calcium carbonate, the less permeable
Plio-Pleistocene layer is informally referred to as the "caliche layer."

There are currently 46 drilled wells available for on-line extraction (Figure 2-1). Thirteen of
these wells were drilled during 1992 and 1993 and completed as vapor extraction wells with
stainless steel casing and screens; one well was drilled at a 45* incline. Existing wells, drilled
between 1954 and 1978 and completed with carbon steel casing, wyre adapted for vapor
extraction by perforating the well casing using mechanical or jet perforators. Two of these wells
were deepened in 2001 and completed with stainless steel screens and casing that extend below
the perforated intervals (BI 2001). Seventeen wells have two screened or perforated open
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intervals isolated during operations by downhole packers. The two open intervals in the two
wells deepened in 2001 are isolated by cement grout placed in the annulus between the two
casings. Twenty-one well intervals are available at each of the 2 wellfields, 216-Z-18/Z-12 and
216-Z-JA; 23 well intervals are available at the 216-Z-9 welfield. Seventeen of these 65
intervals are open below the Plio-Pleistocene layer (6 at 216-Z-18/Z-12, 2 at 216-Z-1A, and 9 at
216-Z-9). Well diameters range from 5 to 20 cm (2 to 8 in.). Each SVE system extracts
simultaneously from multiple wells open either above and/or below the Plo-Pleistocene layer.
Cross sections through the 216-Z-18/Z-12, 216-Z-1A, and 216-Z-9 wellfields are shown in
Figures 2-2a, 2-2b, and 2-2c, respectively.

There are 126 subsurface monitoring probes installed at >2-m depth (Figure 2-1) as follows:

* A cone penetrometer was used in 1993 to install 11 extraction or monitoring wells
constructed of 2.54-cm- (1-in.) diameter hollow stainless steel rod. The open interval,
located at the bottom of each well, consists of 4 m of rod machined with 33 0.64-cm-
(0.25-in.) diameter holes per each 1-m interval. The deepest open interval ends 34 m below
ground surface (bgs). One of these wells was decommissioned in April 1997.

* A cone penetrometer was used to install 106 subsurface monitoring probes at 35 locations at
the carbon tetrachloride site between 1991 and 1994. Up to five monitoring probes were
installed at each location at various depths. Each subsurface monitoring probe consists of a
sintered metal monitoring screen (12.7 cm long with an outside diameter of 1.27 cm)
attached to a 0.64-cm- (0.25-in.) diameter teflon tube that runs to the surface. The deepest
monitoring probe installed at the vapor extraction sites using the cone penetrometer is 36 m
bgs.

* Ten stainless steel tubes were strapped to the outside of the casing of four wells during
installation in 1993 to enable monitoring above and below the screened intervals.

There are up to 87 shallow soil vapor probes at depths ranging from 1.2 to 1.8 m bgs
(Figure 2-3). The network was installed between 1991 and 1995. The total number of existing
probes is uncertain because some of the probes have since been destroyed, primarily as a result
of other near-surface construction activities or prolonged exposure to weather conditions.
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Figt#* 21. Location of Extraction and Monitoring

Cab and Deep (>2 i ) Soil Vapor robes at the
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'Thble 2-1. Contaminant Inventory DIscbrged to
Carbon 'letrachloride Disposal Site&

CarbonTotal Liquid
Site Tetrachoride Plutonium Americium Carbon (Aqueo and OperatingSke Tetuciorie (g) kg) Tetadaoride (Aquos ande

(kg) (L) O L)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ I (L)

216-Z-9 130,000-480,000 106' 2.5 83,000-300,000 4.09E+06 1955-1962

216-Z-1A 270,000 57 1 170,000 5.20E+06 1964-1969

216-Z-18 170.000 23 0.4 110,000 3.86E+06 1969-1973

Total 570,000-920,000 186 3.9 363,000-580,000 13.15E+06 1955-1973

'58 kg was later removed.
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3.0 SOIL VAPOR EXTRACTION SYSTEM DESIGN

To meet the accelerated ERA startup schedule, constrain costs, and fulfill the requirements for
working in a radiologically controlled area, the initial approach to the ERA maximized the use of
field screening-level data, existing boreholes, and off-the-shelf technology. During subsequent
phases, additional characterization data collected during SVE system operations were used to
upgrade the remediation design and performance objectives.

The initial SVE system, purchased for the pilot test, was upgraded to expedite initiation of
extraction operations. It consisted of a water knockout tank to remove entrained water droplets
that would otherwise damage downstream equipment; a high-efficiency particulate air (HEPA)
filter to remove entrained particulate matter, including radionuclides; a blower to extract the soil
vapor; GAC-filled canisters in series for adsorbing carbon tetrachloride; and a stack for venting
the treated vapor to the atmosphere (Figure 3-1). A chiller to cool the vapor was added later
between the blower and the GAC-filled canisters. Two other SVE system units purchased later
had a similar design.

The SVE systems were designed for completely automated operations monitoring, requiring only
routine checks to ensure that the systems were functioning properly. The pilot-scale SVE test
unit was designed with continuous air monitoring instruments for detection of volatile organic
compounds (VOCs) and alpha and beta radiation. The output from these instruments, along with
other system parameters such as vapor flow rate and system vacuum, was connected to a
personal computer-based data logging system. During the test period, however, it was
discovered that the instrumentation required almost constant operator attention to maintain
extraction operations. VOC sampling was performed using an on-line flame ionization detector
that proved unable to specifically target detection of carbon tetrachloride and required frequent
calibration and maintenance. Instruments for monitoring alpha and beta radiation and radon gas
(added in 1992) were removed in 1994 once baseline operating data were accumulated.

To support an improved design for the first production-mode SVE system, an alternative VOC
monitoring instrument was investigated. A new technology was pursued that used a solid-state
VOC-sensing device. Testing indicated that the instrument produced both accurate and
repeatable measurements of carbon tetrachloride concentrations. During the first year of
operations, however, it was discovered that carbon tetrachloride degraded the solid-state sensor,
causing unpredictable instrument failures. Following the overheating of a GAC canister in
June 1993, revised operating procedures required that concentrations of other, more readily
reactive VOCs, such as methyl ethyl ketone, be routinely measured during operations. For these
reasons, another VOC monitoring technology using a photoacoustic infrared detector, the
Brtel & Kjaer Type 1302 multi-gas monitor (B&K, a trademark of BrUel & Kjaer, DK-2850),
was purchased. During its initial use, manual sampling every 2 hours was performed during
8-hr/day operating periods to test the performance of the instrument. The B&K instrument
proved to be accurate and reliable, and had the added feature of being able to measure several
other targeted VOCs, in addition to being readily adaptable to automated operation. The B&K
instrument is currently being used to support 24-hr/day SVE system operations providing
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automated sampling and analysis at the SVE system inlet, between GAC canisters, and at the
vent stack (Figure 3-2).

Passive SVE uses naturally induced pressure gradients between th subsurface and the surface to
drive soil vapor to the surface. The presence of a borehole screen in the vadose zone provides
a preferential pathway for flow. In general, falling atmospheric Prure causes subsurface vapor
to move to the atmosphere through wells, while rising atmospheri pressure causes atmospheric
air to move into the subsurface. At the carbon tetrachloride site, passive SVE systems are
installed on selected wells.

The minimum component for a passive SVE system is a well to provide the preferential pathway
from the subsurface zone to the surface. On the systems designed for use at the carbon
tetrachloride site, additional components include an aboveground 4nister of GAC to collect the
venting carbon tetrachloride; hoses to connect the well to the canIor; and a one-way, flow-
activated valve that lets soil vapor flow out through the well but pivents atmospheric air from
flowing in through the well (Figure 3-3). Each system also has an $i-line, replaceable cartridge
of GAC for sampling upstream of the canister of GAC. Analysis ( the GAC in the cartridge
provides a time-integrated estimate of the mass removed while the AC was in-line. Three of
the passive systems are also instrumented to measure and record 4 flow rate and carbon
tetrachloride vapor concentration on an hourly basis; these data can be used to calculate an
estimate of the amount of mass removed.
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Figure 3-1. Soil Vapor Extraction System Process Flow Diagram.
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Figure 3-2. Configuration of Instrumentation Monitolng Volatile Organic
Compounds at the Soil Vapor Extraction System.
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Figure 3-3. Passive Soil Vapor Extraction System.
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4.0 HISTORY OF SOIL VAPOR EXTRACTION SYSTEM OPERATIONS

A pilot SVE system was tested at the 216-Z-1A Tile Field in April 1991 (DO-RL 1991). Based
on the results of this testing and as part of the ERA, a full-scale SVE system was installed and
began extracting from wells at the tile field on February 25, 1992. Two of the 216-Z-18 Crib
wells were added to the same system in May 1992. This system originally had a design capacity
of 14.2 m3/min (500 ft3/min), but was upgraded to 28.3 mi/min (1,000 ft3/min) in March 1993.
Two additional SVE systems, one with 42.5-m/min (1,500-ft3/in) capacity and the other with
14.2-m 3/min (500-f&/min) capacity, began operating in March 1993 at the 216-Z-9 Trench.
These three areas, the 216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib, were selected
for initial SVE operations because they were the primary known disposal sites for carbon
tetrachloride.

Extracted carbon tetrachloride is collected on GAC contained in 2.4-m- (8-ft) tall, 1.2-m- (4-ft)
diameter carbon steel canisters. Operation of all three systems was temporarily suspended on
June 3, 1993, because of a GAC canister overheating incident at 216-Z-9 (Driggers 1994). The
28.3-m 3/min system resumed operation at the 216-Z-1A/Z-18 wellfield on November 12, 1993;
the 42.5-m 3/min system resumed operation at the 216-Z-9 wellfield on February 23, 1994; and
the 14.2-m3/min system, which was moved to the 216-Z-18 wellfield, resumed operation on June
30, 1994.

Upon initial startup and restart following the overheating incident, each system was operated
during the regular work shift only, Monday through Friday. This schedule was necessary to
allow manual sampling of the VOC monitors to ensure compliance with operating limits. With
the incorporation of a reliable, automated VOC monitor (the B&K instrument), the SVE systems
began continuous operations. The 28.3-m 3/min SVE system began operating 24 hr/day,
7 days/week on July 11, 1994; the 14.2-m3/min SVE system began on August 3, 1994; and the
42.5-m 3/min SVE system began on October 19, 1994.

On August 15, 1995, SVE operations using the 14.2-m3/min SVE system were expanded to
include the 216-Z-12 site. This disposal site was known to have received some carbon
tetrachloride, and ERA characterization activities indicated significant concentrations of carbon
tetrachloride in the subsurface soil vapor.

A rebound study was conducted throughout the carbon tetrachloride SVE sites from
November 1996 through July 1997 (Rohay 1997). The purpose of the study was to determine
the increase in carbon tetrachloride vapor-concentrationsfollowing temporary cessation of
operations. Operation of all three SVE systems was temporarily auspeaded on November 4,
1996 and restarted on July 18, 1997. The results of the 1997 study are summarized in
Section 6.1 of this report. All three SVE systems continued to operate until September 30, 1997.

Based on the results of the FY 1997 rebound study and the declining rate of carbon tetrachloride
removal during continuous extraction operations (Rohay 1997), the operating strategy was
modified. Rather than operating all three SVE systems continuously, only the 14.2-m 3/min
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system was used for carbon tetrachloride removal during FY 1998 FY 1999, and FY 2001. The
14.2-m 3/min system was modified so that it could be moved between the 216-Z-1A/Z-18/Z-12
and 216-Z-9 wellfields. The 28.3- and 42.5-m3/min SVE systems Were maintained in standby
mode during FY 1998, FY 1999, and FY 2001. All three SVE systems were maintained in
standby mode during FY 2000.

The 14.2-m 3/min SVE system was operated from March 30 throu June 30,1998 at the
combined 216-Z-1AIZ-18/Z-12 welfield and from July 7 through eptember 30, 1998 at the
216-Z-9 wellfield. Operation of the system was temporarily suspended during the winter from
October 1, 1997 through March 29, 1998.

The 14.2-m3/min SVW system was operated from March 29 throu* June 28, 1999 at the 216-Z-9
wellfield and from June 30 through September 30, 1999 at the combined 216-Z-1A/Z-18/Z-12
wellfield. Operation of the system was temporarily suspended during the winter from October 1,
1998 through March 28, 1999.

Operation of the 14.2-m3/min SVE system was temporarily suspen~ted in FY 2000 from
October 1, 1999 through September 30, 2000 as a result of higher priority remediation activities
competing for the limited funding.

The 14.2-m 3/min SVE system was operated from April 4 through $ly 18, 2001 at the combined
216-Z-1A/Z-18/Z-12 wellfield and from July 20 through Septembl 30,2001 at the 216-Z-9
welfield. Operation of the system was temporarily suspended during the winter from October 1,
2000 through April 3, 2001.

For the 6 months that the system was not operated in FY 1998, FY 1999, and FY 2001, and the
12 months the system was not operated in FY 2000, the rebound i 'arbon tetrachloride
concentrations was monitored at wells and probes covering both W: elds. For the 3 months
that the system was operated at 216-Z-1A/Z-18/Z-12, carbon tetr* onide concentrations were
monitored at nonoperational wells and probes primarily at the 216, 9 wellfield; and for the
3 months that the system was operated at the 216-Z-9 wellfield, ch tetrachloride
concentrations were monitored at nonoperational wells and probes imarily at the 216-Z-1A/
Z-18/Z-12 wellfield. Results of the FY 1998, FY 1999, FY 2000, d FY 2001 rebound
measurements are summarized in Sections 6.2, 6.3, 6.4, and 6.5 of this report, respectively.

Between April 1991 (when the pilot test was conducted) and Septe ber 2001, 77,154 kg of
carbon tetrachloride was removed from the vadose zone using theI three SVE systems
(Table 4-1). The mass of carbon tetrachloride removed from the 2 -Z-IA, 216-Z-18, and
216-Z.12 sites is reported as a combined value because wells frorm 216-Z-lA and 216-Z-18
sites were undergoing extraction simultaneously using the 28.3-m9in3 n SVE system in 1992 and
1993; wells from the 216-Z-18 and 216-Z-12 sites were undergoin [extraction simultaneously
using the 14.2-m3/min SVE system from 1995 to 1997; and wells fm the 216-Z-IA, 216-Z-18,
and 216-Z-12 sites have been undergoing extraction simultaneously using the 14.2-m 3/min SVE
system since 1998. The wellfields at these sites overlap.
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Passive SVE systems were installed on eight wells in FY 1999 and operated throughout FY 2000
and FY 2001 to remove carbon tetraclboide from the vadose zone. The eight wells are located
in the 216-Z-1A/Z-18 wellfield. Betwesn October 1999 and September 2001, approximately
30 kg of carbon tetrachloride were removed from the vadose zone using passive SVE.
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Table 4-1. Mass of Carbon Tetrachloride Removed Using Soil Vapor Extraction.

Carbon Tetrachloride Removed Each Calendar Year (kg)
site ________

1991 1992 1993 1994 1995 19% 1997 1993 1999 2000 2001 Total

216-Z-.irZ,12
140 959 2,541 8,757 7,307 2,581 583 258 375 0 335 23,836

216-Z-1A

216-Z-9 -- -- 1,065 35,029 11,500 3,150 1,239 524 436 0 375 53,318

Total 140 959 3,606 43,786 18,807 5,731 1,822 782 811 0 710 77,154
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5.0 SOIL VAPOR EXTRACTION SYSTEM OPERATING DATA

Soil vapor extraction system operating data that are routinely recorded include carbon
tetrachloride concentrations, applied vacuums, system flow rates, and hours of operation. All
instruments (e.g., flowmeters, vacuum gauges, and volatile organic monitors) are calibrated. All
calibration data on each instrument are retained and available for review. The VOC monitoring
instruments are checked frequently and periodically challenged with calibrated gas standards.
The detection limit for carbon tetrachloride is 1 part per million by volume (ppmv).

As part of operations, the SVE system technicians complete daily, weekly, and monthly
surveillance checklists on which they verify system startup, shutdown, and compliance monitoring.
These records are stored by Document and Information Services and are available for review.

When operations began in 1992, the system data were automatically recorded, first on a
datalogger and then using the Strawberry Tree software program (a trademark of Strawberry
Tree Incorporated, Computer Instrumentation and Controls, Sunnyvale, California), in binary
format. These recording systems sampled the SVE system parameters every 15 minutes without
distinguishing between ongoing operations, calibration checks, etc. As a result, these data are
essentially raw instrument data and require careful evaluation for validity prior to use for
determining SVE system performance. These data were not used in this report.

Field activities, including operation of the SVE systems, are recorded daily by the SVE system
technicians in field logbooks. The technicians carefully reviewed the logbooks to reconstruct the
operating history for each SVE system, including flow rate, vacuum, carbon tetrachloride
concentration, and operating hours. These data were used in preparation of this report,
particularly for the 1992-1993 operating period.

As an upgrade to the Strawberry Tree software, a programmable logic controller (PLC) was
installed to control the SWT process. The Interact (a registered trademark of Computer
Technology Corporation, Milford, Ohio) software was implemented as an operator interface to
the PLC. A PLC was incorporated into the 28.3-m 3/min SVE system in March 1993 and into the
14.2-m 3/min system upon restart in 1994. The 42.5-m 3/min system was equipped with an Allen-
Bradley (Milwaukee, Wisconsin) PLC and operator interface software when it was purchased.
Each PLC records flow and vacuum data every 15 minutes and concentration data every 2 hours;
the SVE system technicians use these data to establish daily records of representative system
variables. For example, at the 14.2-m 3/min system, four data points (6:00 a.m., noon, 6:00 p.m.,
and midnight) are averaged to establish the loading data for a given day.

Following the GAC overheatingincidet in 1993, revised operating procedures required a more
structured format for recording representative system data. Therefore, beginning in 1994, the
representative daily data were recorded on spreadsheets created by the technicians. That same
year, a more reliable- esnatd VOC moillto(the B&K instrumiefit) was ud at allhthree SVE
systems to collect concentration data. Data for the 14.2- and 28.3-m 3/min SVB systems were
entered onto sraidsheets manually until December 1995 when the system was automated; data
for the 42.5-m /min system were always recorded automatically. These spreadsheets were the
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source of the 1994-1997 data used in this report. Representative d ily data provided weekly by
the SVE technician were the source of the 1998-2001 data used in this report.

5.1 SOIL VAPOR EXTRACTION SYSTEM AVAILABILJTY

The availability of each SVE system is evaluated by comparing 4 amount of time it was
operating to the amount of time it was planned to be operating. This comparison is summarized
as "percent availability." Availability data are provided for 1994, 1995, 1996, 1997, 1998, 1999,
and 2001.

The amount of time each SVE system was planned to be operatinjphanged as operations
became more routine (Table 5-1). In addition, for 16 days during $ovember and December 1994
and 14 days during November and December 1995, the systems ' not expected to be
operational. Using only the planned operating time to define the m possible system
availability directly reflects the impacts that GAC changeouts, system malfunctions, and
scheduled maintenance have on system operations.

The operating efficiency of all three systems since November 1 99 the first full month of
24-hr/day, 7-days/week operations for all three systems, is illustra!d in Figure 5-1. Between
November 1994 and September 2001, the monthly availability for three systems averaged
93%. During 1998, 1999, and 2001, the monthly availability for th 14.2-rn/mn SVE system
averaged 99%, 98%, and 91%, respectively, exceeding the goal of achieving 90% availability.

With the following exceptions, each system was operated at greato
selected as a minimum reference value, during 1994, 1995, 1996, 1
(Table 5-2). The 14.2-m 3/min SVE system operated at less than 6
July 1994, its initial startup month, and January and February 19911
during January and February 1995, extraction operations at the 14t
limited to 9 hr/day, 5 days/week because malfunction of the autom
necessitated manual sampling of VOC concentrations. The 28.3-n
restarted in November 1993, dropped to 65% availability in Nove;
operations were limited to 9 hr/day, 5 days/week for 1 week becau
automated VOC sampling system (Figure 5-3). The 42.5-m 3/min 0
thnn 65 nvnilabilitv onl durin Mnrrh aind And ilO99 its iniial

Sthan 65% availability,
997, 1998, 1999, and 2001
*% availability during
(Fifure 5-2). For 5 weeks
-m /min SVE system were

sampling system
min SVE system, which was

1994, when extraction
Wb of malfunction of the
I VE system operated at less
restart months (Fir 5-4

In general, operation of the systems is most difficult to maintain ding the winter months, as
illustrated by comparing the combined monthly availability of the firm systems from
November 1994 through June 1996 (Figure 5-1). This reflects in I the time needed for
draining water from the extraction hoses and water knockout k during cold weather. The
increased volume of water in the hoses and knockout tanks during e winter months results from
condensation of moisture in the extracted soil vapor when it nc r colder temperatures. In
addition, when the water in the hoses freezes before it can be dr operation of the extraction
system is limited or impossible, which also contributes to lower availability. These cold weather
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operational difficulties were the basis of the decision to temporarily suspend operation of the
SVE system during the winter rather than the summer months in 1998, 1999, and 2001.

Significant changes in the rate at which each SVE system was operated are reflected in the
changes in slope of the cumulative hours plotted with time (Figure 5-5). For example, the loss of
operating time during January and February 1995 at the 14.2-m 3/min system is reflected by the
decrease in slope; the change from 7-hr/day operations to 24-hr/day operations in October 1994
at the 42.5-m3/min system is reflected by the increase in slope. Between April 1991 (when the
pilot test was conducted) and September 2001, the three SVE systems together have operated
72,470 hours: the 14.2-m3/min system has operated a total of 30,799 hours; the 28.3-m3/min
system has operated a total of 23,568 hours; and the 42.5-m 3/min system has operated a total of
18,103 hours (Table 5-3).

5.2 VOLUME OF SOIL VAPOR PROCESSED

For each SVE system, the volume of soil vapor processed was calculated using the hours the
system operated and the measured flow rate of soil vapor exiting the system (FM6, Figure 3-1).
The average daily flow rates measured at each system since 24-hr/day operations began are
shown in Figures 5-6 through 5-8.

The flow rate measured at the SVE system represents the combined flow from all the on-line
wells and may change as the selection of on-line wells changes. For a given applied vacuum, the
flow produced from each well is a function of the air permeability of the soil, the open area of
the screened or perforated interval, the well diameter, and the radius of influence of the well.

The flow rate at each SVE system may also be adjusted by the SVE system technicians to meet
varying conditions and requirements. For example, during the winter months, flow rates were
reduced by the technicians to minimize the volume of knockout water generatecL Ice blockages
within the vapor extraction hoses occasionally also limited the flow to the extraction system.
During the warmer months, flow rates are generally established at approximately 90% to 95% of
blower capacity (e.g., 14.2 m3/min) to avoid exceeding the operating limits. A well with an open
interval in a lower permeability soil layer that produces vapor at a lower flow rate may be placed
on line because it has higher contaminant concentrations; typically, the flow rate will increase as
extraction continues and airflow pathways are established.

With the exception of the winter months, the flow rate at the 14.2-m3/min SVE system was
generally maintained between 11 and 14.2 m3/nmin between July 1994 and August 1996
(Figure 5-6). The flowswom reduced for two separate weeks in April and May 1995 during
testing at a single extraetionwell. Between September 1996 and September 1999, the flow rate
was often between 14 and 16 3/min (Figure 5-6). The flows were lower in August 1997 during
testing associated with the rebound study. The initial extraction wells selected for SVE restart
operations at the 216-Z-9 site in July 1998, in March 1999, and in July 2001 produced flows that
were lower than 14.2 m3/min.
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From July 1994 through mid-April 1995, the flow rate at the 28.3-m3 /min SVE system varied
between 14.2 and 22.7 m/imin (Figure 5-7). In March and April l995, flow rates were
significantly improved by jet perforating 10 of these extraction wels, which previously had been
mechanically perforated. Since then, flow rates at the 28.3-m3/ini SVE system generally have
varied from 22.7 to 28.3 m3/min. The improved flow rates allow gte 28.3-m3/min SVE system to
operate at lower vacuums, which reduces the heat generated at th blower motor. Prior to jet
perforating, the system vacuum had to be reduced during hot weatier to avoid overheating the
blower motor, which resulted in lower flow rates. The flows were reduced for a week in
August 1997 for a low-flow test to estimate the impact of low SVE flow on carbon tetrachloride
removal rates.

From mid-February through June 1995, the flow rate at the 42.5-9/min SVE system tended to
be either 36.8 to 39.6 m3/min or 28.3 to 33.9 m3/min (Figure 5-8). During this time, an off-gas
treatment system was being tested that frequently temporarily suspended operations. Between
July 1995 and January 1996, the flow rate using all three blowers taried from 34 to 42.5 m3/min.
From February through August 1996, the system operated on only two blowers at flow rates
ranging between 28.3 and 34 m 3/min.

Between April 1991 (when the pilot test was conducted) and Sept ber.2001, 89 million m3 of
soil vapor was extracted and processed using the three SVE systents (Table 5-4a). Of this
volume, 40 million m3 was extracted from the 216-Z-9 weilfield aid 49 million M3 was extracted
from the 216-Z-1A/Z-18/Z-12 wellfield (Table 5-4b). The volume of vapor extracted daily by
each system is shown in Figures 5-9 through 5-11.

The flow rates at individual extraction wells were estimated by a *wig the flow rates
measured at the SVE systems among the on-line wells (Appendix k). For each well, the system
flow rate was multiplied by the ratio of that well's open area to thalsum of the open areas for all
the wells in operation on that system on that particular day. Thesojdaily flow rates and the
number of operating hours were then used to estimate the cumulatve flow from each extraction
well. At the 216-Z-9 wellfield, an estimated 27 million mi3 of soil apor was extracted from
wells open above the Plo-Pleistocene layer and 13 million in3 was extracted from wells open
below the Plio-Pleistocene layer (Table 5-5). For the 216-Z-IAZ$18/Z-12 wellfield, an
estimated 30 million in3 of soil vapor was extracted from wells ope above the Plio-Pleistocene
layer, and 19 million m3 was extracted from wells open below the Plio-Pleistocene layer.

Based on an average aeal zone of influence of 55,000 m2 above th Plio-Pleistocene layer in the
216-Z-9 area, an average Hanford formation thickness of 38 m, an average porosity of 20%, and
assuming a uniform distribution of flow, 65 pore volumes of soil v por have been extracted by
the 42.5- and 14.2-m3/min SVE systems above the Plio-Pleistocent1ayer. Similarly, for the
216-Z-1A/Z-18/Z-12 area, based on an average areal zone of influ Tce of 155,000 in2 , 25 pore
volumes of soil vapor have been extracted by the 28.3- and 14.2-mmin SVE systems above the
Plio-Pleistocene layer.

Based on an average areal zone of influence of 40,000 M2 below the Plio-Pleistocene layer in the
216-Z-9 area, an average Ringold Unit E thickness of 21 m in the unsaturated zone, an average
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porosity of 20%, and assuming a uniform distribution of flow, 75 pore volumes of soil vapor
have been extracted by the 42.5- and 14.2-m3/min SVE systems below the Plio-Pleistocene layer.
Similarly, for the 216-Z-1A/Z-181Z-12 area, based on an average areal zone of influence of
100,000 m2,45 pore volumes of soil vapor have been extracted by the 28.3- and 14.2-m 3/min
SVE systems below the Plio-Pleistocene layer.

The areal zones of influence at the 216-Z-9 and 216-Z-1A/Z-18/Z-12 wellfields were estimated
using numerical airflow modeling (Rohay and McMahon 1996). Two sets of welfield flow and
monitoring data were used to calibrate the model; each set produced a different estimate of the
zones of influence above and below the Plio-Pleistocene layer. In this report, the results were
averaged to estimate the pore volumes of soil vapor that have been extracted since 1992.

Approximately 1,128,000 kg of water was removed from the subsurface in the 88,510,000 m3 of
soil vapor extracted between February 1992 and September 2001. An equal volume of ambient
air drawn into the subsurface added 532,000 kg of water over the same time period. These
estimates were made by updating the calculations provided by Cameron (1997) for the period
February 1992 through June 1996. The calculations are based on an average temperature of
15 *C and a relative humidity of 100% for the extracted soil vapor and an average temperature of
12 *C and a relative humidity of 59% for the ambient air. When the additional water added to
the subsurface through natural recharge is factored into the water balance, the impact of SVE on
soil moisture content in the vadose zone becomes negligible (Cameron 1997). However, as
Cameron (1997) points out, the higher flow zones may have been more dried out than the
average subsurface volume.

5.3 VOLUME OF KNOCKOUT WATER DRAINED FROM SVE SYSTEMS

Water condensate was first noticed in the water knockout tank on the 28.3-m3/min SVE system
on October 20, 1992. Between October 20, 1992 and February 9, 1994, approximately 1,022 L
of knockout water was collected from the 28.3-m3/min SVE system from operations at the
216-Z-1A and 216-Z-18 sites (Table 5-6). This water was sent to the purgewater storage facility
using purgewater trucks. After February 9, 1994 (approximately March 1), the carbon
tetrachloride was designated as a listed waste, and shipments of the condensate as purgewater
ceased.

Since February 9, 1994, SVE knockout water has been transferred to the 200-ZP-1 pump-and-
treat operation for treatment. The first transfer, in January 1995, consisted of 92 drums of
condensate water staed in 208-L (55-gal) drums with 90-oil liners. The SVE technicians recall
that these drums were nearly full. Assunming that each drum held 170 L (45 gal) of water, this
transfer represents atadditional 15,700 L of knockout water. Approximately 3,500 L of this
water is assumed to have been collected during the 1993-1994 winter after February 9, 1994
(15,700 L minus the October-December 1994 volumes listed in Table 5-6).

Between October 1994 and April 1995, 27,290 L of water was drained from the SVE systems
(Table 5-6). Significant amounts of water did not accumulate after April 1995 during the
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1994-1995 winter season (Figure 5-12). Between October 1995 a d June 1996, 66,741 L of
water was drained from the SVE systems. Although most of the water had accumulated by the
end of April 1996, additional water was drained as late as June (VI" 5-12). During
October 1996, 5,564 L of water was drained from the SVE sytem Operation of the systems
was temporarily suspended for the rest of the 1996-1997 winter November 4, 1996; the
rebound study was conducted during this planned temporary shu . In April 1998,
approximately 189 L of water was drained from the SVE hoses w SVE operations resumed
after the 1997-1998 winter. In April 1999, approximately 379 L o water was drained from the
SVE hoses when SVE operations resumed after the 1998-1999 winter. In April 2001,
approximately 757 L of water was drained from the SVE hoses when SVE operations resumed
after FY 2000 and the 2000-2001 winter.

More than twice as much water was drained from the SVE system during the 1995-1996 winter
season as during the 1994-1995 winter season. This increase is p y a result of the increased
volume of vapor extracted during 1995-1996. During the 6 month of the 1994-1995 winter
(October 20, 1994-April 19, 1995), 10 million m3 of vapor was ex tacted, producing 26,000 L of
water. Durinp the same 6 months of the 1995-1996 winter (October 19, 1995-April 17, 1996),
15 million m of vapor was extracted, producing 62,000 L of water.

The cumulative liters of water drained per million cubic meters of japor extracted are compared
for the three SVE systems during the 1994-1995, 1995-1996, and 4996-1997 seasons in
Figure 5-13. During 1994-1995, the 28.3-m 3/min SVE system pr"iced a significantly higher
volume of water per million cubic meters of vapor extracted than ether the 14.2- or 42.5-m 3/min
systems (Figure 5-13). Between October 20, 1994 and April 26, 1 95, the 28.3-m 3/min SVE
system produced an average of 3,600 L of water per million cubic neters of vapor extracted.
During this same period, the 14.2-m3/min SVE system produced v4 average of 2,300 L of water
per million cubic meters of vapor, and the 42.5-m3/min SVE syste i produced an average of
2,200 L of water per million cubic meters of vapor. The rtaximtiwater production rate was
also higher for the 28.3-m3/min SVE system (5,400 L of water per iillion cubic meters of vapor)
than for the 14.2- and 42.5-m/min systems (2,800 and 3,300 L of Water per million cubic meters
of vapor, respectively). Unlike the water knockout tanks on the 19- and 42.5-m 3/min systems,
one of the two water knockout tanks on the 28.3-m 3/min system ws not insulated during this
time. The cooler temperature of the knockout tank on the 28.3-m3/min SVE system is the most
likely explanation for its higher water accumulation rate.

During 1995-1996, however, the 14.2-m 3/min SVE system produced a slightly higher volume of
water per million cubic meters of vapor extracted than the other twj SVE systems. Between
October 19, 1995 and April 17, 1996, the 14.2-m3/min SVE systermproduced an average of
5,100 L of water per million cubic meters of vapor extracted. Duwng this same period, the
28.3-m3/min SVE system produced an average of 4,500 L of wa: pr million cubic meters of
vapor, and the 42.5-m3/min SVE system produced an average of 3 L of water per million
cubic meters of vapor. The maximum water production rate was a so higher for the 14.2-m3/min
system (6,200 L of water per million cubic meters vapor) than for be 28.3- and 42.5-m3/min
systems (4,700 and 4,100 L of water per million cubic meters of v 0, respectively). Use of the
14.2-m3/iin SVE system to extract from the 216-Z-12 Crib beginning in August 1995 added a
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long hose run to the system, which may be responsible for the increased water production from
September 1995 through January 1996 by allowing more cooling to take place. Decreased flow
rates at the 14.2-m 3/min SVE system during the 1995-1996 winter (Figure 5-6) also lengthened
the travel time through the extraction hoses, potentially increasing the volume of water generated
for a given volume of vapor extracted. The second water knockout tank on the 28.3-m3/min SVE
system was insulated in October 1995.

Other factors that may have caused increased water production in 1995-1996 include differences
in the mix of on-line wells and the depths of their open intervals, differences in the daily
temperature fluctuations, and/or changes in the method of measuring the volumes.

The water production rates for the three SVE systems appear to be similar during October 1996.
However, the data are insufficient to allow detailed evaluation.

Eight composite samples from the 60 drums of knockout water present in November 1994 were
analyzed for radionuclide activity prior to being released for processing in the 200-ZP-1
treatment system. The samples were below minimum detectable activity for both alpha and beta-
gamma contamination. These data, plus analyses of a sample collected June 30, 1994 and a
sample collected February 22, 1993, indicate that there is no activity above natural background
in the SVE condensate water.

Four samples of SVE knockout water have been analyzed for VOCs. On June 30, 1994, a
composite condensate water sample was collected and analyzed by an offsite laboratory; the
volatile organic analyses followed the EPA protocol except that the sample was not preserved.
A sample collected on January 26, 1995 was analyzed the following day on site. The sample
was not preserved, did not maintain zero headspace, and was not stored on ice.

Two samples were collected on December 12,1995 and analyzed using the 200-ZP-1 pump-and-
treat process equipment. Analytical results for carbon tetrachloride, chloroform,
tetrachloroethylene, and trichloroethylene are summarized in Table 5-7.

The mass of carbon tetrachloride removed in the SVE knockout water is estimated as I to 40 g,
based on the total volume of water, 104,677 L (Table 5-6), and the range of carbon tetrachloride
concentrations, 10 pg/L to 380 pg/L (Table 5-7).
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5.4 CHANGE IN CARBON TETRACHLORIDE CONCENTRATIONS

Carbon tetrachloride concentrations in the extracted soil vapor ha decreased significantly at
both the 216-Z-1AiZ-18/Z-12 and 216-Z-9 wellfields during opeton of the SVE systems. This
is typical of SVE operations and represents removal of the volatil contaminant readily available
in the pore spaces swept out by extracted vapor. Extracted contaminant concentrations approach
an asymptotic level as the supply of volatile contaminant to the hi -flow zone becomes limited
by desorption and diffusion of the contaminant from the sediment oarticles and soil moisture.
Diffusion also controls contaminant migration from the pore spaces between sediment particles
in the lower permeability, lower flow zones to pore spaces in the higher permeability, higher
flow zones.

Measurements made at the inlet to the extraction system represent the combined soil vapor
concentrations from all on-line wells connected to the system.

Carbon tetrachloride concentrations in soil vapor extracted from 216-Z-1A/Z-18/Z-12
wellfield using the 28.3- and 14.2-m3/nin SVE systems have dec from approximately
1,500 ppmv at startup in 1992 to 25 ppmv in September 2001 (Fi 5-14). The increase in
August 1995 was caused by addition of an extraction well in the 216-Z-12 welfield.

The most dramatic decline in carbon tetrachloride concentrations h been at the 216-Z-9
wellfield using the 42.5- and 14.2-m3/min SVE systems. Carbon t*achloride concentrations in
extracted soil vapor have declined from approximately 30,000 ppmv at startup in 1993 to
40 ppmv in September 2001 (Figures 5-15 and 5-16).

The trend of the 1992 to 2001 concentration data is compared to thb volume of soil vapor
extracted in Figures 5-14 and 5-15. As expected, concentrations 4ree with increasing
volume of soil vapor extracted. The data also indicate that conce4 ons rebound during
periods of nonoperation as a result of carbon tetrachloride ac umitng in the pore spaces after
apparently diffusing from sediment micropores, soil moisture, resi dense nonaqueous-phase
liquid (DNAPL), and/or low-permeability zones. When SVE operions resume, the initial
extracted contaminant concentrations are higher. This concentrati4 rebound can be seen at both
wellfields in July 1997 following the 8-month temporary shutdown for the rebound study and in
1998, 1999, and 2001 following the temporary shutdowns during $ose years (Figures 5-14 and
5-15). The increase in concentrations can also be detected for shortr duration shutdowns. For
example, during 12 days in December 1994 and 10 days in December 1995, the systems did not
operate, and when operations resumed the following January, concetrations were slightly higher
(e.g., Figure 5-15). This shorter duration rebound phenomenon is mpore apparent in Figure 5-16,
which shows the carbon tetrachloride concentration data for the 214Z-9 site since 24-hr/day
operations began in October 1994. The rebound was apparently faster and of greater magnitude
in January 1995 when concentrations were still relatively high, indicating a more accessible and
extensive contaminant source.

5-8
Performance EvaL Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept 200
June 2002



BHI-00720

Soil Vapor Extraction System Operating Data Rev. 6

5.4.1 FIscal Years 1997 and 1998

In FY 1997, operation of all three SVE systems was temporarily suspended from
November 1996 through July 1997 for the rebound study. All of the 216-Z-9 and 216-Z-1A
wells were placed on line on July 18, 1997. Extraction using all three systems continued through
September 30, 1997 (Rohay 1997).

In FY 1998, SVE resumed on March 30, 1998 at the 216-Z-1A/Z-18/Z-12 welfield using the
14.2-m3/niin SVE system, which was on the northern side of the 216-Z-18 Crib (Figure 5-17).
Fifteen extraction wells distributed throughout the wellfield were selected to optimize both
protection of groundwater and mass removal of contaminant. Initial characterization of the 15
on-line wells indicated that the system was extracting soil vapor effectively from only the closest
wells and that the applied vacuum at the distant wells was insufficient to produce flow. Tests
showed that the SVE system could, however, extract soil vapor effectively from isolated, distant
wells. Therefore, the mix of on-line extraction wells was periodically switched among one set of
seven relatively nearby wells and various sets of four relatively distant wells (Figure 5-17). Each
set included wells open near the groundwater and wells open near the lower permeability Plio-
Pleistocene unit. As a result, the SVE system was extracting from wells primarily associated
with the 216-Z-18 site for the first 7 weeks (March 30 through May 17) and from wells primarily
associated with the 216-Z-1A site for the following 6 weeks (May 18 through June 30).
Comparison of the changes in inlet concentrations to the changes in the sets of on-line wells
indicated that the higher concentrations observed from May 18 through June 30 tended to be
associated with the 216-Z-1A wells (Figure 5-17).

Soil vapor extraction zesumed July 7, 1998 at the 216-Z-9 wellfield using the 14.2-m3/min SVE
system. Initial on-line wells were selected close to the 216-Z-9 Trench (Figure 5-18). As
extraction continued, wells farther away from the crib were brought on line. Each selection of
on-line wells included wells open near the groundwater and wells open near the lower
permeability Plio-Pleistocene unit.

The daily mass removal rate from the 216-Z-9 wellfield increased significantly twice during the
3 months of extraction as a result of changes in extraction wells (Figure 5-19):

* Two additional wells were brought on line on July 29, 1998. (A third additional well added
on July 29 was removed on July 31.) The mass removal rate increased, despite a continued
decline in concentrations, because the flow rate increased (flow rate is shown in Figure 5-6).

* The mix of on-line wells was changed again on September 1, 1998. The mass removal rate
increased, despite a constant flow rate, because the inlet concentrations increased.

5.4.2 Fiscal Year 1999

In FY 1999, SVE resumed on March 29, 1999 at the 216-Z-9 wellfield using the 14.2-m 3/min
SVE system. Following an extraction strategy similar to that used in FY 1998, initial on-line
wells were selected close to the 216-Z-9 Trench and wells farther away from the trench were
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brought on line as extraction continued (Figure 5-20). Each selection of on-line wells included
wells open near the groundwater and wells open near the lower permeability Plio-Pleistocene
unit.

On April 20,1999, the B&K multi-gas monitor used to analyze carbon tetrachloride
concentrations in the SVE inlet vapor was discovered to be out of calibration and was replaced.
All of the SVE inlet concentrations recorded between March 29d April 20 were multiplied by
a factor of 1.5 as a correction. This factor was selected so that the eriginal concentration
recorded on April 20,2000 (35 ppmv) would match the concentra on recorded with the
replacement B&K on April 21, 2000 (52 ppmv). (Note: This cor Ition was applied to the data
only to illustrate concentration trends. The original data were used to calculate the mass
removed.)

Soil vapor extraction resumed on June 30, 1999 at the 216-Z-1A/2418/Z-12 wellfield. Extraction
wells open near the Plio-Pleistocene unit, primarily within the 21d-1A Tile Field, were
selected to optimize mass removal of contaminant (Figure 5-21). Because passive SVE systems
were being installed on the wells open near the groundwater in thei216-Z-1A/Z-18 wellfield,
these wells were not selected for active SVE using the 14.2-m3/min SVE system in FY 1999.

The daily mass-removal rate increased significantly twice during the 3 months of extraction at
each welifield as a result of adjustments in the mix of on-line wells and the flow rate
(Figure 5-22).

54.3 Fiscal Years 2000 and 2001

In FY 2000, operation of all three SVE systems was temporarily suspended from October 1999
through September 2000.

In FY 2001, SVE resumed on April 4,2001 at the 216-Z-1A/Z-184-12 wellfield using the
14.2-m3/min SVE system. Following an extraction trategy simil4to that used in FY 1999,
extraction wells open near the Plio-Pleistocene unit, puimwily witlop the 216-Z-1A Tile Field,
were selected to optimize mass removal (Figure 5-23). Although 1ssive SVE systems were
installed on wells open near the groundwater in the 216-Z-1A/Z-1$ wellfield, two of these wells
were selected for active SVE using the 14.2-m3/min SVE system in FY 2001.

Before full-scale operations were initiated at the 216-Z-9 wellfield n July 2001, tests were
conducted to characterize the initial carbon tetrachloride concentrations at the new extraction
intervals completed in each of the two wells deepened in 2001 (B11 2001). During each test,
only the one test well was placed on line to the SVE system. Ext e soil vapor was
monitored 5 minutes after SVE start to obtain a representative sain e of the concentration
adjacent to the well. Soil vapor was then monitored hourly for 2 to 3 hours to determine the
carbon tetrachloride concentration at progressive distances from the well.

Well 299-W15-95L was tested on July 20,2001. Carbon tetrach14 de concentrations in
extracted soil vapor increased from 34.7 ppmv to 62.4 ppmv durin the 3-hour test (Figure 5-24).
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This well is screened from 39.3 to 48.5 m bgs. Carbon tetrachloride vapor concentrations
observed during drilling near this interval in May 2001 ranged from 174 ppmv at 37.2 m bgs
(base of Plio-Pleistocene) to 46.1 ppmv at 44.7 m to <1 at 50.1 m (Figure 5-25a).

Well 299-W15-84L was tested on July 23,2001. Carbon tetrachloride concentrations in
extracted soil vapor increased from 27.3 ppmv to 29.1 ppmv during the 2-hour test (Figure 5-24).
This well is screened from 50.5 to 59.7 m bgs. Carbon tetrachloride vapor concentrations
observed during drilling near this interval in June 2001 ranged from 34.9 ppmv at 51.8 in to
37.7 ppmv at 55.1 m to 1.5 ppmv at 58.8 m (Figure 5-25b).

Full-scale SVE operations resumed at the 216-Z-9 welfield on July 23, 2001. Following an
extraction strategy similar to that used in FY 1998 and FY 1999, initial on-line wells were
selected close to the 216-Z-9 Trench and wells farther away from the trench were brought on line
as extraction continued (Figure 5-26). Each selection of on-line wells included wells open near
the groundwater and wells open near the lower permeability Plio-Pleistocene unit.

The daily mass removal rate changed during the 3 months of extraction at each wellfield as a
result of adjustments in the mix of on-line wells and the flow rate (Figure 5-27).

5.4.4 Rebound Following Nonoperation of Soil Vapor Extraction Systems

Carbon tetrachloride concentrations measured in extracted soil vapor at the 216-Z-9 site
following the 8-month shutdown in 1997 were lower than concentrations measured following the
9-month shutdown in 1998 (Figure 5-28). The slightly longer time for rebound in 1998 would
typically produce higher initial concentrations. However, the 1998 concentrations are higher
than the 1997 concentrations throughout most of the 3-month extraction period. This
concentration difference most likely reflects the mix of on-line wells: in 1997, all wells were
placed on line as part of the rebound test, whereas in 1998 only the higher concentration wells
were selected to optimize mass removal. In addition, the lower flow 14.2-m 3/min SVE system
used in 1998 might have resulted in less dilution of the soil vapor.

The higher concentration wells were also selected in 1999 and 2001 to optimize mass removal.
Although the initial 1998 concentrations following 9 months of rebound were higher than the
initial 1999 concentrations following 6 months of rebound, the 1998- and 1999 concentrations
were the same after the first 4 to 5 weeks of extraction (Figure 5-28). The initial 2001
concentrations following 24 months of rebound were nearly twice as high as the initial 1998
concentrations, but were the same as the 1998 concentrations after 8 weeks of extraction
(Figure 5-28).

In all 4 years, the initial rebound concentrations were three to six times higher than
concentrations ater 3 months of extraction. The relative rates of concentration decrease in 1998,
1999, and 2001 were aimilar to that observed during the 1997 rebound study: carbon
tetrachloride concentrations decreased most rapidly in the first 5 weeks following SVE restart,
after which they continued decreasing more slowly with continued SVE operations
(Rohay 1997).
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Initial carbon tetrachloride concentrations measured in extracted sol vapor at the 216-Z-18 site
following the 8-month shutdown in 1997 were higher than initial concentraiions measured
following the 6-month shutdown in 1998 (Figure 5-29). This may reflect the longer period for
rebound in 1997. After 1 week of extraction, the 1998 coacentratit a were equal to the 1997
concentrations. (After approximately 25 days of operations in 1991, selected 216-Z-18 wells
were taken off line to support additional rebound study testing, and the concentrations in soil
vapor extracted from the remaining on-line wells decreased significantly.)

Initial carbon tetrachloride concentrations measured in extracted scIl vapor at the 216-Z-lA site
following the 8-month shutdown in 1997 were slightly lower than #le initial concentrations
measured following the 12-month shutdown in 1999 and the 18- "ith shutdown in 2001.
(Figure 5-30). This may reflect the longer time for rebound in 1 99 and 2001 and/or the
preferential selectionlof high-concentration 216-Z-1A wells in 1999 and 2001 to optimize
removal. Concentrations decreased more rapidly in 1997 than in 199 and 2001, probably
because in 1997 all 216-Z-1A wells were placed on line as part of the rebound test. Despite the
longer period of rebound, the initial concentrations in 2001 were s0 ghtly lower than the initial
concentrations in 1999, possibly reflecting an overall decline in concentrations with continued
remediation.

In 1998, extraction was primarily from the 216-Z-1A wellfield dug
operations, but limited extraction from 216-Z-1A also occurred diw
operations when extraction was primarily from the 216Z-18 wellA
concentrations extracted from the 216-Z-1A site are shown as be
operations rather than on day I to indicate that limited extraction A
occurred. The concentrations during the last 6 weeks of SVE ope
the concentrations during the last 6 weeks of operations during 195
1999, and 2001, higher concentration wells were selected to optini

Ing the last 6 weeks of SVE
*ng the preceding 7 weeks of
#d. In Figure 5-30 , the 1998

dng on day 50 of SVE
m216-Z-1A had already
Ions in 1998 are similar to

9 and 2001. During 1998,
ze removal.

5.4.5 Estimate of Future Concentration Decline

As an initial approach to estimating the future decline in carbon tel
concentrations, exponential curves were used to model the carbon;
data measured at each SVE system from October 1995 through No
October 1995 was selected as the beginning of the interval becaus4
the last major increase in inlet concentrations (the August 1995 coo
14.2-m3/min SVE system caused by addition of the 216-Z-12 well
interval of October 1995 through November 1996 thus represents
run that illustrates the decline in SVE inlet concentrations simultam
addition, for the purpose of predicting future concentrations, the SI
concentration data more representative of the later, tailing phase ci
initial, rapid removal phase. Two or more different equations may

bhloride inlet
Otrachloride concentration
*mber 1996 (Figure 5-31).
it occurs after the decline of
$entration spike at the

Ipld, Figure 5-14). The
last continuous operating

ously at all three systems. In
phasis was placed on the

1Iperations rather than of the
be needed to describe the

entire curve of concentration decline if two or more different carbxM tetrachloride removal
mechanisms were operating over the life of the SVE remediation.
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The exponential decay curves, fitted to the data through November 1996, were projected to
March 1999 in order to evaluate their relationship to the concentration data following the 1997
rebound study and the 1998 winter shutdown (Figure 5-32). The equation values as of
November 4, 1996 were held constant until July 18, 1997 and then allowed to resume the
exponential decline until September 30, 1997. The equation values as of September 30, 1997
were held constant until March 30, 1998 for the 216-Z-1A and Z-18 wellfields and until
July 7, 1998 for the 216-Z-9 wellfield and then allowed to resume the exponential decline.
Relative to the exponential decay curves, both the 1997 and 1998 rebound data are initially
elevated, as expected. The carbon tetrachioride concentrations decline to concentrations that
approach the exponential decay curves in September 1997 but do not appear to approach the
exponential decay curves in 1998. In 1997, all the available wells were on line continuously; in
1998, the mix of on-line wells was periodically changed to optimize mass removal.

This preliminary evaluation suggests that these decay curves can be used to provide a reasonable
estimate of future concentration decline only under similar operating conditions and similar
carbon tetrachloride removal mechanisms. For example, the physical and chemical processes
that control carbon tetrachloride removal in the near term may be different than those that
determine the removal rate in the long term.

5.4.6 Concentration Data for Individual Extraction Wells

The characterization data routinely measured for individual extraction wells include vacuum,
flow, and carbon tetrachloride concentration (Tables B-1 through B-3, Appendix B). To monitor
concentrations at individual extraction wells, a sampling apparatus is placed in-line at the
wellhead to collect a soil-gas sample in a Tedlarm (B. L du Pont de Nemours & Company,
Wilmington, Delaware) bag. Concentrations are typically monitored monthly at individual on-
line extraction wells and quarterly at individual off-line monitoring wells. One "snap-shot"
sample is collected at each on-line extraction well. Three samples are collected during an hour
of continuous extraction at wells that have been off line during the month in which quarterly
sampling is conducted; only the last of the three samples is included in Tables B-I through B-3.

Carbon tetrachloride concentrations measured at individual extraction wells have also been
decreasing with continued vapor extraction operations (Figures 5-33 and 5-34). At the
216-Z-1A/Z-18 wellfield, concentrations measured in wells with perforated or screened intervals
open above the Plio-Pleistocene layer have been the same order of magnitude as those measured
in wells open below the Plio-Pleistocene layer throughout extraction operations (Figure 5-33).
At the 216-Z-9 welfield, concentrations measured above the Plio-Pleistocene layer during initial
operations (i.e., before April 1994) were generally an order of magnitude higher than those
measured below; after approximately 6 months of operations, concentrations measured above
and below the Plio-Pleistocene layer had reached comparable levels (Figure 5-34).

In general, initial carbon tetrachloride concentrations measured at individual 216-Z-1A wells
when SVE operations resumed in 1997 after the rebound study appear to be slightly higher than
concentrations measured at the same wells when operations resumed in 1998 after the winter
shutdown (Table 5-8). Higher concentrations in 1997 would be consistent with the longer time
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available for rebound in 1997 (8 months) than in 1998 (6 months).1 Similarly, initial
concentrations measured when SVE operations resumed in 1999 4pear to be higher than the
corresponding 1998 concentrations, consistent with the longer tirn available for rebound in 1999
(12 months) than in 1998 (6 months). However, the initial lack of jow from 216-Z-lA wells in
1998 makes these comparisons difficult. Initial concentrations measured when SVE operations
resumed in 2001, after 18 months of rebound, were slightly less, in general, than concentrations
measured in 1999.

At the 216-Z-9 site, three of the wells monitored 3 days after oper ions resumed in 1997 were
also monitored 3 days after operations resumed in 1998. Carbon hloride concentrations
were higher in 1998 in two of these three wells (Table 5-8). The ghtly longer time available
for rebound in 1998 (9 months) than in 1997 (8 months) would tally favor higher
concentrations. Comparison of the initial 1999 and 2001 concenitions to the initial 1998
concentrations at the same three wells indicates that the 1999 congntrations were lower in all
three wells and that the 2001 concentrations were higher in two of wells. The lower
concentrations in 1999 could reflect the shorter time available for rebound in 1999 (6 months)
than in 1998 (9 months); the higher concentrations in 2001 could reflect the longer time available
for rebound in 2001 (24 months).

The concentrations of chloroform measured at individual extracti wells have been proportional
to the concentrations of carbon tetrachloride measured at indivi extraction wells. The
chloroform is assumed to have been produced primarily through gradation of carbon
tetrachloride during the early phases of soil column disposal and rgration. The linear
relationship suggests that the fate and transport of the chloroform been similar to that of the
carbon tetrachloride. For concentrations measured at 216-Z-9 we4, the ratio between carbon
tetrachloride and chloroform is relatively constant for carbon tetr4Uloride concentrations
between 25,000 and 1,000 ppmv (Figure 5-35). At carbon tetrachbfride concentrations less than
1,000 ppmv, two different linear trends between carbon tetrachloriWe and chloroform are
apparent (Figure 5-35). These two linear trends are still apparent iben the same data are plotted
at a finer scale (Figure 5-36). (The data shown in Figure 5-36 are 46e same as those shown in
Figure 5-35 for carbon tetrachloride concentrations less than 1;000ppmv.) Each trend includes
data from above and below the Plio-Pleistocene layer. The reason fr the two trends is unknown.
Data from two individual wells suggest that the contaminant ratios may decrease more rapidly at
relatively low carbon tetrachloride concentrations (Figure 5-37).

The concentration data measured at 216-Z-1A/Z-1S/Z-12 wells als suggest two different
chloroform-to-carbon tetrachloride trends for carbon tetrachloride jPncentrations less than
1,000 ppmv, although the trends are not as well defined as at 216-7,9 (Figure 5-38). Based on
the apparent trends, the chloroform-to-carbon tetrachloride ratios 216-Z-9 wells appear to be
higher than at 216-Z-1A/Z-18/Z-12 wells. If the chloroform is a 4padation product of the
carbon tetrachloride under anaerobic conditions, higher ratios would be expected at 216-Z-9,
where aqueous soil column disposal might have been sufficient to create saturated conditions
under the disposal site and induce anaerobic conditions.
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All of the data used to construct Figures 5-33 through 5-38 were measured using the B&K
instrument. Because the minimum detection limit for carbon tetrachloride on the B&K
instrument is 1 ppmv, only carbon tetrachloride and chloroform data recorded as greater than
1 ppmv were used in this evaluation.

5.5 MASS OF CARBON TETRACHLORIDE REMOVED

The mass of carbon tetrachloride removed from each welfield was calculated using the
measured flow, concentration, and hours of operation data. Between April 1991 (when the pilot
test was conducted) and September 2001, approximately 23,836 kg of carbon tetrachloride was
removed from the 216-Z-1A and 216-Z-18/Z-12 wellfields (Table 4-1). Between March 1993
and September 2001, approximately 53,318 kg of carbon tetrachloride was removed from the
216-Z-9 wellfield (Table 4-1). The total mass of carbon tetrachloride removed (77,154 kg)
represents an estimated 10% of the original carbon tetrachloride inventory (approximately
750,000 kg) discharged to the soil column (Table 2-1). Approximately 0.1% of the original
carbon tetrachloride inventory was removed each year in 1998, 1999, and 2001 (782 kg, 811 kg,
and 710 kg, respectively) (Figure 5-39).

Based on the following assumptions, the total mass of carbon tetrachloride removed represents
an average of 13% of the residual mass potentially available in the vadose zone. An estimated
440,000 kg of carbon tetrachloride was initially discharged to the 216-Z-1A and 216-Z-18 Cribs,
and 310,000 kg was initially discharged to the 216-Z-9 Crib (Table 2-1). (The mass of carbon
tetrachloride discharged to the 216-Z-12 Crib is unknown and therefore not included in this
calculation.) Of this original inventory, an estimated 21% had been lost to the atmosphere by
1990, 1% to 2% had been dissolved in the upper 10 m of the unconfined aquifer, and 1% had
biodegraded (WHC 1993, Rohay and Johnson 1991, Hooker et al. 1996). (These calculations
and the 1990 inventory estimates both use the average of the estimated range of carbon
tetrachloride discharged to 216-Z-9, Table 2-1.) For the purpose of these calculations, all of the
mass that has not been lost to atmosphere, dissolved in groundwater, or biodegraded is assumed
to remain as residual mass in the vadose zone. Assuming that 330,000 kg of carbon tetrachloride
remained as residual mass in the vadose zone beneath the 216-Z-1A and 216-Z-18 sites, 7%
(24,000 kg + 330,000 kg) of the residual mass potentially available at 216-Z-1A and 216-Z-18
has been removed using SVE Similarly, assuming that 240,000 kg remained as residual mass in
the vadose zone beneath the 216-Z-9 site, 22% (53,000 kg + 240,000 kg) of the available mass
potentially available at 216-Z-9 has been removed using SVE.

These estimates of the percent of residual mass removed at each site cannot be correlated to the
estimate made by Yongeat al (1996) that SVE can remove only 10% to 15% of the initial mass
in contaminated zones through which flow is passing directly. Yonge et al. established known
initial conditions for their laboratory experiments in order to compare the amount they removed
to the amount they loadedinto the soil. At the carbon tetrachloride site, the corresponding initial
conditions are unknown, and the data are not available to determine what percent of the "initial"
mass has been removed by SVE. In addition, no DNAPL carbon tetrachloride was included in
this particular experiment by Yonge et al., but concentrations observed at the 216-Z-9 site in
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1993 and 1994 suggest that some carbon tetrachloride was present in the vadose zone as a
DNAPL at that time (Rohay et al. 1994).

One indication that DNAPL was present in the vadose zone beneab 216-Z-9 is based on the inlet
SVE concentrations. If a major fraction of the carbon tetrachlorid originally discharged to the
216-Z-9 site were still present in the soil column as a nonaqueous-hase liquid, a relatively high
soil vapor concentration would be expected. For example, a pure, 0onaqueous carbon
tetrachloride liquid phase in the soil pore space should result in a baximum soil vapor
concentration of 120,000 ppmv at 20"C (DOE-RL 1991). As a rul:of-thumb, for soils saturated
with an organic contaminant, standard SVE will produce a vapor stieam containing one-tenth to
one-half the expected concentration (EPA 1993). Therefore, vapo.extraction concentrations
greater than 12,000 ppmv of carbon tetrachloride may indicate th the soil near the extraction
well is saturated with a nonaqueous-phase liquid. During initial S I operations at the 216-Z-9
site, soil vapor concentrations extracted from wells open above the Plio-Pleistocene layer were in
excess of 12,000 ppmv, suggesting the presence of a nonaqueous c arbon tetrachloride phase
(Figure 5-15). In situ soil vapor samples collected during drilling Oior to initiation of SVE
remediation also exceeded 12,000 ppmv in one well above the Plie-Pleistocene layer at the
216-Z-9 site (Figure 5-40).

Another indication that DNAPL might have been present in the voaose zone beneath 216-Z-9
prior to SVE remediation is based on comparison of the masa remn*ed to the predicted mass
present. Approximately 17% (53,000 kg + 310,000 kg) of the orig al inventory at the 216-Z-9
site has been removed since 1993. Using available carbon tetrachJgjbde soil vapor concentrations
(primarily baseline monitoring of naturally venting boreholes) and quilibrium partitioning
relationships, it was estimated that in 1990 12% of the original .r. tetrachloride inventory
was present in the vadose zone as vapor, dissolved in soil moist*r: or adsorbed to soil particles
(WHC 1993). It was not possible to calculate a mass of DNAPL otbon tetrachloride using the
equilibrium partitioning relationships, and thus a large fraction (65 ) of the inventory was
termed "unaccounted." The removal of more than 12% of the orin al inventory from this site
suggests that additional mass was present in the vadose zone as-residual liquid saturation and/or
in nonequilibrium sorption sites.

The mass of carbon tetrachloride removed daily is compared to tho~tumulative total for each
wellfield in Figures 5-41 and 5-42. The rate of mass removal has deased with decreasing
carbon tetrachloride concentrations. The decline in the total mass loval rate from both
wellfields since 24-hr/day, 7-days/week operation began is shown $u Figure 5-43. Despite this
decline, in September 1997 the three SVW systems were still remo4ing an average of
approximately 15 kg of carbon tetrachloride every day (6 kg from *he 216-Z-1A/18 wellfield and
9 kg from the 216-Z-9 wellfield). In October 1996, prior to the reblund study, the three SVE
systems were removing an average of 15 kg of carbon tefrachlori every day. At the close of
operations at the 216-Z-1A wellfield in 2001, the 14.2-m3/min S Vsystem was removing an
average of 3 kg of carbon tetrachloride every day; at the close of orerations at the 216-Z-9
wellfield in 2001, the system was removing an average of 5 kg of carbon tetrachloride every day.
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The mass of carbon tetrachloride removed during cyclic SVE operations in FY 1997, FY 1998,
and FY 1999 can be compared to the estimated mass projected to have been removed if SVE had
been continued at the asymptotic concentration level. (Because the SVE system shutdown
throughout FY 2000 was not related to cyclic operations, this comparison is only continued
through FY 1999.) The mass removed following the rebound study in FY 1997 was compared to
the projected mass removed had the SVE systems continued to operate throughout FY 1997
(Rohay 1997). Those comparisons suggested that continuous operation of the SVE systems
would have removed three to four times more carbon tetrachloride than was removed in the
2.5 months of operations following the 8-month rebound period.

The mass of carbon tetrachloride removed at the 216-Z-9 wellfield is compared to the projected
mass removed had the 14.2-m3/min SVE system continued to operate throughout FY 1998 and
FY 1999 in Figure 5-44. Continuous operations would have removed 1657 kg, which is one to
two times more carbon tetrachloride than was removed during cyclic operations (966 kg). (If
continuous operations had begun at 216-Z-9 in March 1998 rather than July 1998, the projected
amount would be higher.) The estimate of the projected mass removed during continuous
operations is based on the average of the daily concentrations during the last week of operation
in FY 1998 (24 ppmv) and continuous operation of the 14.2-m 3/min SVE system at its full
capacity. During actual operations, the daily concentrations probably would have continued to
slowly decrease and the availability of the system might have been less than 100% during the
winter months. Even if the daily concentrations are maintained at half the concentration
assumed in Figure 5-44 (i.e., 12 ppmv rather than 24 ppmv), slightly more carbon tetrachloride is
removed by continuous operations (1,085 kg). These comparisons suggest that the highest mass
removal is achieved by continuous operations. An additional advantage to continuous operations
is that a maximum concentration gradient would be maintained between the source of the carbon
tetrachloride and the high-flow zone into which it is diffusing.

The 14.2-m 3/min SVE system actually removed 966 kg of carbon tetrachloride from the 216-Z-9
wellfield during FY 1998-FY 1999, compared to a projected 1,657 kg, or 60% of the mass in
40% of the time. Thus, once the readily accessible mass of contaminant has been removed
during early stages of SVE, mass removal is more efficient (in terms of mass removed per hour
of operation) if SVE operations are intermittent rather than continuous. An additional advantage
to cyclic operations is that waste minimization is achieved if the SVE system is operated only
during warm months. During operations in warm months, water condensate is not generated by
the SVE system. In addition, the higher carbon tetrachloride concentrations extracted during
cyclic operations require less GAC per unit mass of carbon tetrachloride extracted because the
GAC adsorption of the carbon tetrachloride is more efficient at higher concentrations
(Cameron 1997).

5.6 IMPACT OF 200-ZP-1 PHASE In PUMP-AND-TREAT OPERATIONS

The 200-ZP-1 groundwater pump-and-treat system has been in operation since August 1994
(DOE-RL 2000). Phase III of the remediation operations was initiated in August 1997 to include
extraction wells in the vicinity of the 216-Z-9 wellfield. In particular, Phase HI groundwater
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extraction well 299-W15-32 is 11 m northeast of SVE well 299-WJ5-9 and 34 m southwest of
SVE well 299-W15-6. Full-scale groundwater extraction from we 299-W15-32 began on
August 27, 1997. Drawdown of the water table at this well was oLy 1.5 m below pre-
operational levels. Lowering of the water table in the vicinity of t*34s well has the potential to
volatilize additional carbon tetrachloride, either from the introducmon of soil vapor in previously
saturated pores and/or from the additional agitation of the ground ter. However, the carbon
tetrachloride concentration in vapor samples collected from nearbiwells 299-W15-9L and
299-W15-6L has not measurably increased (Figure 5-45). DuringCY 1999, groundwater
extraction well 299-W15-32 was off line for approximately 200 days (from June 29, 1999 until
February 2,2000) (DOE-RL 2000). Soil vapor concentrations memured at well 299-W15-9L
appear unaffected by the shutdown and subsequent restart of gros dwater pumping from well
299-W15-32. As of September 30,2001, groundwater extraction k sratin have had no
detectable impact on carbon tetrachloride concentrations in vapor -xtracted from multiple wells
and measured at the inlet to either the 42.5- or 14.2-m3/min SVE system (Figure 5-26).

Measurement of groundwater extraction effects may be hampered jcause of differences in the
completion/configuration of the groundwater and vapor extraction wells. The screened interval
in well 299-W15-32 is 59 to 72 m bgs. The SVE interval in well 29-W15-6L extends from
47 m bgs to the current water table at 64 mn bgs (the well is perforated to 109 to bgs), and the
SVE interval in well 299-W15-9L is 49 to 58 m bgs.

The slight increase in carbon tetrachloride concentrations measured at well 299-W15-9L at the
start of each period of SVE operations suggests a nearby carbon tetrachloride source
(Figure 5-45).

5.7 PASSIVE SOIL VAPOR EXTRACTION

Passive SVE systems began operating on eight wells in the 216-Z-IA/Z-18 wellfield in
October 1999. The eight passive SVE systems are installed on ws 299-W18-6L, 299-W1S-7,
299-W18-10L, 299-Wi8-11L, 299-W1S-12, 299-W18-246L, 299 W18-247L, and
299-W18-252L (Figure 5-46). All eight passive SVE systems are installed on well intervals
open below the Plio-Pleistocene layer. The systems are described in Section 3.0. The passive
SVE data are provided in Appendix C.

All eight passive SVE systems include a removable cartridge of GAC that is replaced monthly.
Samples of the GAC that was removed from the wells are then sent to an off-site laboratory for
analysis of carbon tetrachloride concentrations. In addition, three of the wells (299-Wi S-6L,
299-W18-247L, and 299-W18-252L) are instrumented to record flow, differential pressure,
temperatures, and carbon tetrachloride concentrations hourly. In ise three wells, differential
pressures are also monitored hourly in the well intervals open abo the Plo-Pleistocene (299-
W18-6U, 299-W18-247U, and 299-W18-252U). The upper interv )s are sealed to atmosphere.
A ninth well, 299-W18-9, has an interval open below the Plio-Ple ocen layer, is sealed to
atmosphere, and serves as a control well. It is instrumented to rectd differential pressure and
temperatures hourly. Differential pressures are also monitored hourly at three stainless steel
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tubes open at depths above, between, and below the two screens on well 299-W18-252 and at
five soil vapor probes installed above the Plio-Pleistocene layer at CPT-4F (Figure 5-46).

5.7.1 Mass of Carbon Tetrachloride Removed by Passive Soil Vapor Extraction Systems

Analysis of the GAC in the cartridges was intended to provide a passive, time-integrated
measure of the amount of mass removed through the well each month. Analysis of the flow and
concentration instrument data was intended to allow calculation of the hourly amount of mass
removed, which could then be summed and compared to the time-integrated monthly amount.
Because the sampling and analysis of the GAC cartridges was an innovative addition to the
passive SVE systems, the hourly flow and concentration measurements were intended to help
evaluate whether the cartridge results are representative of the mass removed by barometric
pumping. Availability of hourly data is presented in Table 5-9. Sampling, analytical, and
calculation methods are provided in Appendix C. 1 for GAC cartridges and Appendix C.2 for
hourly wellhead data.

The mass removed from the passive wells during FY 2000 based on the GAC cartridge results is
at lepst an order of magnitude lower than the mass removed based on the hourly data
(Table 5-10a). The discrepancy is even more significant considering that hourly data were
typically not available for the entire sample interval that the GAC cartridges were on the wells
(Table 5-1 la). Based on the GAC cartridge data, a total of 59 g of carbon tetrachloride were
removed from the three instrumented wells; based on the hourly measurements, a total of 1,953 g
of carbon tetrachloride were removed from the three instrumented wells during FY 2000. Based
on the GAC cartridge data, a total of 252 g of carbon tetrachloride were removed from all eight
passive wells during FY 2000. As discussed in Section 5.7.1.1, the eight passive systems are
estimated to have removed at least 10 kg of carbon tetrachloride in FY 2000.

In FY 2001, hourly data to calculate the mass removed from the three instrumented wells are
limited; the carbon tetrachloride mass could only be calculated for 3 months at
well 299-W18-252L (Table 5-10b). For this well, the mass removed in 12 months, based on the
GAC cartridge data, was 41 g; the mass removed in 3 months, based on the hourly
measurements, was 219 g. As in FY 2000, the hourly data are typically not available for the
entire sample interval during which the GAC cartridges were on the wells (Table 5-1lb). Based
on the GAC cartridge data, a total of 216 g of carbon tetrachloride were removed from all eight
passive wells during FY 2001. As discussed in Section 5.7.1.2, the eight passive systems are
estimated to have removed approximately 20 kg of carbon tetrachloride in FY 2001.

5.7.1.1 Estimate of Carbon Tetrachloride Mass Removed In FY 2000. Although the GAC
cartridge analytical data and hourly wellhead calculations do not agree in magnitude, they do
reflect the same pattern of relative total mass removed. For the three wells with both GAC
cartridge data and hourly wellhead data, the highest total carbon tetrachloride mass removed
based on either data set was at well 299-W18-252L and the lowest total carbon tetrachloride
mass removed based on either data set was at well 299-W18-247L (Table 5-10a). (Note: this
pattern based on relative total mass removed is not consistent in each monthly sampling
interval.)
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Because the GAC cartridge data and the wellhead data both show t.e same pattern of relative
total carbon tetrachloride mass removed for the three wells, a line* correlation was established
between the two data sets to provide a basis for correcting the GAC-based estimate of total mass
removed at all eight passive SVE wells (Figure 547). Use of this rrelation assumes that the
GAC data under-represent the amount of mass removed at each w911, relative to the hourly
measurement data. The equation describing the linear trend was th pn applied to the GAC
cartridge data to estimate the total amount of carbon tetrachloride jmoved from each well
(Table 5-12). Using this approach, a total of 10 kg (9,827 g) of caron tetrachloride were
removed from the subsurface using the eight passive SVE systems in FY 2000.

For the purposes of establishing the correlation, the total amount :p arbon tetrachloride removed
at each well was based only on months for which data both from tie GAC cartridges and from
the wellhead instruments were available at that well (Table 5-10a, "gure 5-47). However, for
any given month that the GAC cartridges were in place, the hourly *ellhead data were typically
not available for the entire month (Table 5-11a). As a result, using the total mass removed based
on hourly data calculations to correct the total mass removed based on GAC data provides only a
minimum value of total carbon tetrachloride removed from each well (Table 5-12).

5.7.1.2 Estimate of Carbon Tetrachloride Mass Removed In F,2001. In FY 2001, the
hourly data are insufficient to allow a correlation to be established ith the GAC cartridge data.
Because the total mass removed, based on the GAC cartridge data, ls similar in FY 2000 (252 g)
and FY 2001 (216 g), it might be expected that the corrected mininum estimate for FY 2000
(9,827 g) would be a reasonable minimum estimate for FY 2001.

In FY 2001, the carbon tetrachloride concentrations at seven of thepight passive wells were
monitored on June 1, 2001 using a sampling method similar to that used during the rebound
study (Rohay 1996). The eighth passive well was on line to the SVE system during the
sampling, and its concentration was monitored on May 31,2001 aslpart of routine SVE
characterization (Table 5-13). These concentration data can be us$ to estimate the total carbon
tetrachloride mass that potentially could have been removed from te passive wells. Flow rates
needed for this calculation were measured at the three instrumented wells and assumed at the
other five wells (Table 5-13).

Using the June 1, 2001 sample results and the measured and assumd flow rates, a total of 20 kg
(19,748 g) of carbon tetrachloride is estimated to have been extractod from the eight passive
wells during FY 2001 (Table 5-13). This calculation assumes that 1) the wells exhale 50% of
the time; (2) during outflow, the average flow rate is one-half of the maximum flow rate; (3)
during outflow, the average concentration is one-half of the maximun concentration; and (4) the
concentrations measured on June 1, 2001 were maximum values.

5.7.1.3 Evaluation of Passive Soil Vapor Extraction Data. One axplanation for the relatively
low values of carbon tetrachloride mass recorded by the GAC cart4 4ge data may be interference
by water that condenses from the vapor stream in the passive systec hoses and GAC cartridges
during cold-weather months; the sampler often noted that the GAC I ,u wet when the cartridges
were retrieved in the winter (Table C-25 and, for example, Tables C-4 and C-5). This water
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could have impacted the ability of the GAC in the cartridge to absorb the carbon tetrachloride
from the vapor stream, thus reducing the concentration of carbon tetrachloride absorbed on the
GAC in the cartridges during the winter. Comparison of the amount of carbon tetrachloride
removed from each well monthly based on the GAC cartridge data illustrates these seasonal
differences (Figure 5-48).

However, the mass removal rates in the summer months based on GAC cartridge analyses are
still significantly lower than the rates calculated using the hourly wellhead data. A possible
explanation for the relatively low values of carbon tetrachloride on the GAC in the cartridges
during the hot-weather months may be desorption of the carbon tetrachloride resulting from solar
heating.

Another possible explanation for the relatively low values of carbon tetrachloride on the GAC in
the cartridges might be that the GAC in the cartridges becomes saturated with carbon
tetrachloride prior to being sampled. However, this explanation seems unlely. The expected
loading efficiency for carbon tetrachloride on GAC is 25%, i.e., 450 g of GAC (the approximate
amount in one cartridge) would be expected to absorb 100 to 125 g of carbon tetrachloride. The
highest amount of carbon tetrachloride absorbed on any cartridge of GAC in a single month was
only 37.5 g (Table 5-10). However, the maximum loading efficiency may have been reduced
because concentrations are relatively low and flow is episodic.

It is also possible that the GAC cartridge data may over-represent the mass of carbon
tetrachloride removed from the passive wells because the clean GAC that was used to fill each
cartridge may have already contained some carbon tetrachloride. Analysis of two samples of the
clean GAC supply, one collected in October 1999 and one in May 2000, indicate that a cartridge
of that GAC initially would have contained 0.6 g and 0.1 g of carbon tetrachloride, respectively
(Tables C-I and C-7). These values were not factored into the above analysis of mass removed
because many GAC cartridge samples contained less than 0.6 g of carbon tetrachloride.
However, it is acknowledged that the clean GAC analytical results suggest that the GAC
cartridge results may reflect an initial mass loading in addition to that added by passive
extraction. A third sample of clean GAC, collected in March 2001 after a new supply was
obtained, indicated that a cartridge of that GAC initially would have contained 0.0 g of carbon
tetrachloride (Table C-17).

The values of carbon tetrachloride mass recorded by the wellhead instruments also under-
represent the total mass removed by each instrumented system. As described above, the hourly
wellhead data are not available for the entire time that the passive SVE systems were in
operation and therefore must under-represent the actual mass removed by each instrumented
system. In addition, water in the hoses and in the GAC cartridges would have limited the flow of
carbon tetrachloride-laden vapor through the system. As a result, the hourly wellhead data
under-represent the potential amount of carbon tetrachloride that could have been removed from
each instrumented well had the flow pathways been completely unrestricted.

At each instrumented system, flow should only be associated with positive differential pressure
because the one-way valve limits flow into the well when the differential pressure is negative.
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(For this project, positive differential pressure is defined as subsurface pressure greater than
surface pressure.) However, plots of the flow and differential prire for each instrumented
well indicate that low flows are associated with both positive and yjpgative differential pressure
(Figures C-10 through C-15). Therefore, a "threshold flow" was aected for each well for each
fiscal year, based on the maximum flow associated with a negativ differential pressure. Flows
above the threshold flows were used in the mass caldulation to rep esent actual flow out of the
passive systems. Comparison of the mass removed using all mea ed flows to the mass
removed using only flows greater than the threshold flows indicates that in these wells 74% to
84% of the mass was removed when flows exceeded the threshold values (Table 5-14).

5.7.2 Carbon Tetrachloride Concentrations, Flow Rates, and Differential Pressures
Measured at Passive Soil Vapor Extraction Systems

The trend of the carbon tetrachloride concentrations and the shape %f the carbon tetrachloride
concentration signal during outflow may indicate the relative loct nof the source of the
contamination. In wells 299-W18-6L and 299-W18-247L, conce 'ons measured over the
18-month period (October 1999 to April 2001) do not exhibit cvidt trends (Figures 5-49 and
5-50). In contrast, concentrations measured in well 299-W18-25 show an increasing trend
throughout FY 2000 (Figure 5-51). (The drop in concentration in mber 2000 may reflect
the changeout of the B&K instruments on November 30, 2000.) increasing trend suggests
that a source is being drawn to the well that is not drawn away or diluted during periods of no
flow. The shapes of the concentration signals are consistent with t*e long-term record. During
periods of outflow from well 299-Wi8-252L, carbon tetrachloride rpor concentrations are
immediately at a maximum value and maintain that value until flow ceases (Figure 5-52). In
wells 299-W18-6L and 299-W1B-247L, concentrations increase gradually to maximum values.

During FY 2000 and FY 2001, the highest carbon tetrachloride con entration recorded at the
three instrumented wells was 69 ppmv at well 299-WI8-6L (Tabl o-27). This value is almost
twice the maximum concentration of 36 ppmv recorded at this well during the 1997 rebound
study (Rohay 1997). The highest concentration recorded at well 29-W18-252L was 46 ppmv,
which is almost identical to the maximum concentration of 48 ppmnf recorded during the rebound
study. The highest concentration recorded at well 299-W18-247L was 14 ppmv; the highest
concentration recorded during the rebound study was 3 ppmv.

The maximum flow rates measured in wells 299-W18-6L, 299-Wi0-47L, and 299-W1S-252L
were 0.4 m3/min, 0.2 m3/min, and 0.3 m3/min, respectively (Table 0-28). In all three wells, the
average flow rate, for all flows exceeding the individual well threshld flow rate, was 6.1 m3/min
in FY 2000. The average flow rate was 0.2 m3/min in wells 299-W18-6L and 299-W1S-247L,
and 0.1 m3/min in well 299-Wl8-252L, in FY 2001.

In general, the average positive differential pressure increases with depth (Figure 5-53). At a
given location, the differential pressure reflects the cumulative relaeve impermeability of the
overlying material. In the 200 West Area, the differential pressure 4ypically increases
dramatically at monitoring locations below the Plio-Pleistocene layer (i.e., deeper than
approximately 45 m 1150 ft] bgs) (Rohay 1996).
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5.7.3 Performance of Passive Soil Vapor Extraction Systems

During the winter months, water condensed from the venting soil vapor into the hoses and onto
the GAC in the cartridges. This water potentially blocked the venting of air through the hoses
and GAC and/or prevented the absorption of carbon tetrachloride onto the GAC in the cartridges.
Any low spot in the system can accumulate the water and reduce or prevent venting from the
system. The generation of the water necessitated periodic draining of the hoses, detracting from
the low maintenance advantages of the passive SVE systems. If the water in the hoses freezes
before it can be drained, the passive venting systems can become completely blocked until
warmer weather melts the ice. Reconfiguring the passive systems to be vertical or to drop water
out of the hoses would eliminate this source of interference with system operations.

Plots of flow and differential pressure for each of the three instrumented passive systems indicate
that an approximately linear relationship between positive differential pressure and flow occurs
near the zero differential pressure node (Figures C-10 through C-15). The cracking pressure for
the one-way valves used on these wells is approximately 0.04 kPa (Rohay 1996). When the
positive differential pressure exceeds this value, the valve should open, allowing flow out of the
system. The approximately linear relationship between positive differential pressure and flow
appears to originate at the cracking pressure.

The plots of flow and differential pressure also indicate that low flows are associated with both
negative and positive differential pressures and appear to occur relatively symmetrically around
the zero differential pressure node (Figures C-10 through C-15). The high negative differential
pressures (atmospheric pressure greater than subsurface pressure) are expected to develop when
the valve is closed, sealing the well to atmosphere. The high positive differential pressures
(atmospheric pressure less than subsurface pressure) may be a result of water blocking the
passive system, effectively sealing the well to atmosphere and allowing high positive differential
pressures to develop. The low flows recorded at these negative and high positive differential
pressures may fall below the lower threshold for the flowmeters (i.e., these low flows may be in
the range equivalent to zero flow for these instruments). As indicated previously, for the
purposes of calculating the mass removed, the threshold flow for each system was defined as a
highest flow associated with a negative differential pressure.

At each of these systems, moderate flows are associated with moderate positive differential
pressures. These data may indicate an increase in the cracking pressure, possibly caused by
moisture condensing on the valve and increasing its weight, and/or a partial restriction in flow
caused by water in the hoses or GAC cartridge.

If the low flows reflect actual flow within the passive systems, the low flows associated with
negative differential pressures may be a result of minor leaks in the passive systems between the
flowmeters and the one-way valves (e.g., cracks in the flexible hoses or loss of seals around the
fittings). For example, flow and differential pressure records during a 5-day period in May 2000
at well 299-W18-247L indicate a flow associated with a local minimum in the differential
pressure (Figure 5-54). (The maximum flow associated with the pressure minimum in this figure
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was used as the threshold flow value for this well for FY 2000.) Csrbon tetrachloride
concentrations and flow decrease to zero when the differential presure becomes negative; while
the pressure is negative, the flow may actually be negative also (i.q into the well) through a
minor leak. Heating of the above-ground system causing expansion of the vapor in the system
may also induce flow in the "negative" direction. (Note: The flowmeter records flow magnitude
but not flow direction, i.e., all flow is recorded as a positive value),

During FY 2000, the supply of clean, regenerated GAC that was uqd to fill each cartridge before
placement in line on a passive system was sampled and analyzed t"ice, once in October 1999,
when passive operations started, and again in May 1999, when theupply of clean GAC was
replenished. Laboratory analysis indicated that the "clean" GAC cpntained carbon tetrachloride
(Tables C-1 and C-7). Because the mass of carbon tetrachloride efacted by the passive systems
is relatively low, compared to the mass extracted by the active SVt systems, this concentration
of carbon tetrachloride on the regenerated GAC can be a significant percentage of the total
analyzed on the passive GAC cartridge samples.

Factors identified above that may affect the operation of the passive SVE systems will be
considered as the passive SVE systems are upgraded in the future.
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Figure 5-1. Combined Monthly Availability of the Three Soll Vapor Extraction Systems,
November 1994 - September 2001.
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Figure 5-2. Monthly Availability of the 14.2-m 3/min Soil Vapor Extraction System,
January 1994 -September 2001.
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Figure 5-5.
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Figure 5-6. Daily Average Flow Rate Measured at the 14.2-m'hnin Soil Vapor Extraction
System During 24-hr/day, 7-days/week Operations, August 1994 - September 2001.
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Figure 5-7. Daily Average Flow Rate Measured at the 283-m3hnin Soil Vapor Extraction
System During 24-hr/day, 7-days/week Operations, July 1994 - September 2001.
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BHI-00720

Rev. 6

Figure 5-8. Daily Average Flow Rate Measured at the 42.5-m3hnin Soil Vapor Extraction
System During 24-hr/day, 7-days/week Operations, October 1994 - September 2001.

I I

*.AW

0
In

ON

* .

I

b4D'~~.

I *~ *
.4

0 0

(uiw/gua) OPUMOI Anva

.4

46* *
*4

*WJ
'9

C
~J.4

.50 -~

Perfonnance EvaL Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept 2001
June 2002 5-32



BHI-00720
Rev. 6Soil Vapor Extraction System Operating Data

Figure 5-9. Volume of Vapor Processed by the 14.2-m3/min Soil Vapor Extraction System,
June 1994 - September 2001.
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Soil Vapor Extraction System Operating Data Rev. 6

Figure 5-10. Volume of Vapor Processed by the 28.3-ml/in Soil Vapor Extraction System,
February 1992 - September 2001.
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FIgure 5-11. Volume of Vapor Processed bithe 42.5-m3/min Soil Vapor Extraction System,
March L99 3 September 2001.
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Figure 5-12. Weekly Volume of Knockout Water Drained from Soil Vapor Extraction
Systems, October 1994 - September 1997.
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Figure 5-13. Ratio of Cumulative Volume of Knockout Water Drained to Cumulative
Volume of Vapor Extracted for Each Soil Vapor Extraction System,

October 1994 - April 1995; October 1995 - June 1996; and October 1996.
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Figure 5-14. Comparison of Carbon Tetrachloride Concentrations Measured at the Soil
Vapor Extraction System Inlet to Volume of Vapor Extractedat the 216-Z-1A/Z-18/Z-12

Welflfeld, February 1992 - September 2001.
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FIgure 5-15. Comparison of Carbon Tetrachloride Concentrations Measured at the Soil
Vapor Extraction System Inlet to Volume of Vapor Extracted at the 216-Z-9 Welilfeld,

March 1993 - September 2001.
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Figure 5-16. Carbon Tetrachloride Concentrations hm" at the Soil Vapor Extraction
System Inlet During Extraction at the 216-Z-9 Welfield During 24-br/day Operations,

October 1994 - September 2001.
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Soil Vapor Extraction System Operating Data

FIgure 5-17. Carbon Tetrachloride Concentrations Measured at the 14.2-in3/min
Soil Vapor Extraction System Inlet During Extraction at the

216-Z-1A/Z-1S/Z-12 Weilfihld, April 1998 - June 1998.
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Figure 5-18. Carbon Tetrachloride Concentrations Meuu at the 14.2-m/min Soil
Vapor Extraction System Inlet During Extraction at the 216-Z-9 Wellfield,

July 1998 - September 1998.
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Figure 5-19. Comparison of Carbon letrachloride Concentrations and Mass
Removal Rates Using the,14.2-m/mIn Soll Vapor Extraction System,

April 1996 - September 1998.
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Soil Vapor Extraction System Operating Data

Figure 5-20. Carbon Tetrachloride Concentrations Meaaumrq at the 14.2-m 3/min Soil
Vapor Extraction System Inlet During Extraction at the 216-Z-9 Welilfeld,

April 1999 - June 1999.
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Soil Vapor Extraction System Operating Data Rev. 6

FIgure 5-21. Carbon Tetrachloride Concentrations Measured at the 14.2-m 3/min Soil
Vapor Extraction System Inlet During Extraction at the 216-Z-1A/Z-18/Z-12

WellIfeld, July 1999 - September 1999.
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Soil Vapor Extraction System Operating Data

Figure 5-22. Comparison of Carbon 'etrachlorid oncentraions
and Mass Removal Rates Using the 14.2-m 3/ Soil Vapor

Extraction System, April 1999 - September 1999.
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Figure 5-23. Carbon Tetrachioride Concentrations Measured at the 14.2-m3l/in
Soil Vapor Extraction System Inlet During Extraction at the

216-Z-1A/Z-1S/Z-12 Wellfeld, April 2001 - July 2001.
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Figure 5-24. Carbon Tetrachloride Concentrations During Initial Soil Vapor
Extraction Tests at New Screened Intervals In 299-W15-84L

and 299-W15-95L, July 2001.
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Figure 5-25a. Comparison of Carbon Tetrachloride Concentrations In Soil Vapor Sampled
During Drilling and Soil Vapor Extracted Using the Soil Vapor

Extraction System at Wen 299-W15-95L.
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Soil Vapor Extraction System Operating Data

Figure 5-26. Carbon 'etrachloride Concentrationujivensured at the
14.2-m 3/min Soil Vapor Extraction System Inlet Dhring Extraction

at the 216-&9 Welineld, July 2001 - September 2001.
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FIgure 5-27. Comparison of Carbon Tetrachioride Concentrations and Mass Removal
Rates Using the 14.2-m 3hnln Soil Vapor Extraction System,

April 2001 - September 2001.
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Figure 5-28. Carbon Ietrachloride Concentrations In Vapo Extracted from the
216-Z-9 Site, July 1997 -September 1997, July 1998y September 1998,

April 1999 - June 1999, and July 2001 - September 2001.

MfA

"6 1

+fit'

'Cx

X X

'C

x

'C

x
xX

/X
+

+
+

I+

+

++ 0

8
0#

0*
0+

0+

0I
0

2

0N

2

I

I i

M

(mm) .piJopqomej. uoqaco

5-52

2
N

Performance EvaL Report for SVE at the Carbon Tel. Site, Feb. 1992 - Sept. 2001
June 2002



BHI-00720
Rev. 6Soil Vapor Extraction System Operating Data

Figure 5-29. Carbon Tetrachloride Concentrations In Vapor Extracted
from the 216-Z-18 Site, July 1997 - September 1997 and

April 1998 - May 1998.
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Figure 5-30. Carbon 'etrachloride Concentrations In Ypor Extracted from
the 216-Z-1A Site, July 1997 - September 1997, May 1998 - June 1998,

July 1999 - September 1999, and April 2001 - July 2001.
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Soil Vapor Extraction System Operating Data

Figure 5-31. Exponential Decay of Carbon Tetrachloride Concentrations,
October 1995 Through November 1996.
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Soil Vapor Extraction System Operating Data

Figure 5-32. Exponential Decay of Carbon Tetrachlowkde Concentrations,
October 1995 Through September 1998.
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FIgure 5-33. Carbon Tetrachloride Concentrations Measured at Extraction Wells in the
216-Z-1A/Z-1S Weilfield, April 1992 -September 2001.
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Figure 5-34. Carbon Tetrachloride Concentrations Measuret at Extraction Wells in the
216-Z-9 Welffleld, March 1993 - September 2001.
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Figure 5-35. Relationship Between Concentrations of Carbon Tetrachloride and
Chloroform Measured at Extraction Wells In the 216-Z-9 Weilfield.
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Figure 5-36. Relationship Between Concentrations of1arbon 'etrachloride
Less Than 1,000 ppmv and Chloroform at

Extraction Wells In the 216-Z-9 Weilfield.
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Soil Vapor Extraction System Operating Data

Figure 5-37. Relationship Between Concentrations of Carbon Tetrachloride and
Chloroform Measured at Two 216-Z-9 Wells, 299-W15-82 and 299-W15-217.
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Rev. 6Soil Vapor Extraction System Operating Data

Figure 5-38. RelationshIp Between Concentrations of Cobon Tetrachioride and
Chloroform Measured at Extraction Wells in the 216-Z4A/Z-l1dZ-12 Weilfield.
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Soil Vapor Extraction System Operating Data

Figure 5-39. Total Mass of Carbon Tetrachloride Removed,
February 1992 - September 2001.
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Soil Vapor Extraction System Operating Data

Figure 5-41. Mass of Carbon Tetrachloride Removed from the 216-Z-1A/Z-18/Z-12
Weflfleld, February 1992 - September 2001.
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Soil Vapor Extraction System Operating Data Rev. 6

FIgure 5-42. Mass of Carbon Tetrachloride Removed from
March 1993 - September 2001.
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Rev. 6Soil Vapor Extraction System Operating Data

FIgure 5-43. Decline In Total Carbon Tetrachloride Mass Removal Rate Between
October 1994 and September 2001.
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Soil Vapor Extraction System Operating Data Rev. 6

Figure 5-44. Comparison of Ma. Removed Using the 1412-n~/i olVprEtato
System During Cyclic Operations at the 216-Z-9 WeIffleI4 to the Projected Mass

Removed During Continuous Operations.
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Figure 5-45. Carbon Tetrachloride Concentrations Monitored at the 216-Z-9 Wellfield,
Wells 299-W15-6L and 299-W15-9L.
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Soil Vapor Extraction System Operating Data

Figure 5-46. Location of Passive Soil Vapor Extraction Wells.
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Soil Vapor Extraction System Operating Data Rev. 6

Figure 5-47. Correlation Between Total Carbon trachloride Mana Removed Based on
GAC Cartridge Analytical Data and Wellhead Hourly Measurements.
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FIgure 5-48. Monthly Amount of Carbon trachloride Renwvved fmom Each Passive Soil
Vapor Extraction Well, Based on GAC Cartridge Data.
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Rev. 6Soil Vapor Extraction System Operating Data

Figure 5-49. Carbon Tetrachioride Concentrations and Flow Rates Measured Hourly at
Well 299-W18-6L, October 1999 - September 2001.
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FIgure 5-50.
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Carbon Tetrachloride Concentrations and Flo" Rates Measured Hourly at
Well 299-W18-247L, October 1999 - Septemuber 2001.
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Soil Vapor Extraction System Operating Data
BHI-00720
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Figure 5-51. Carbon 'Tetrachloride Concentrations and Flow Rates Measured Hourly at
Well 299-W18-252L, October 1999 - September 2001.
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Rev. 6Soil Vapor Extraction System Operating Data

Figure 5-52. Comparison of Carbon Tetrachloride Concentr*tlons Measured Hourly at
Wells 299-W18-6L, 299-W18-247L, and 299-W18-252L, Jaly 2000.
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Soil Vapor Extraction System Operating Data Rev. 6

FIgure 5-53. Average Positive Dtfmmtal Pressures Measured at
Passive Soil Vapor Extraction Wells.
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Figure 5-54. Carbon 'Ttrachjorlde Concentrations, Flow Ralp, and Differential Pressures
Measured Hourly at Well 299-W18-247L, May 2000.
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Rev. 6Soil Vapor Extraction System Operating Data

Thble 5-1. Planned Operating imes foir the Soil Vapor Extraction Systems.

SoO Vapor Extraction operating Operating
Syoem(ndn) P Hour/Day Days/Week

42.5 2=23/94-5/9/94 7 5
5/10/94 - 1W1S/94 9 5
10/19/94-113/96 24 7
11/4/96-7/17/97 0 0
7/18197 - 9/397 24 7
101198 -9/3099 0 0
10/1/99-9/300 .0 0
10/1/00 - 9/3001 0 0

28.3 1/3/94-4129/94 7 5
5/2J94-7/1094 24 5

7/11/94-11/3196 24 7
11/496 - 7/17197 0 0
7/1897 -9/30/97 24 7
10/1/98 -9/3w99 0 0
101/99-9/30 0 0
1011/00-9t3m1 0 0

14.2 6/30/94 - 812/94 9 5
8/3/94 - 113/96 24 7
11/4/96-7117/97 0 0
7/18197-9/3097 24 7
1W1/97 -32998 0 0
3/30/98-9/30/98 24 7
10/1198 - 328/99 0 0
3/29/99- 9/3(99 24 7
10/1/99 -9/30/00 0 0
1011/00 - 4/3/01 0 0
4/4/01-9/3W01 24 7

Performance EvaL Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
Jume 2002 5-79



Soil Vapor Extraction System Operating Data
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Rev. 6

Table 5-2. Monthly Availability Data for the Soil Vapo" Extraction Systems,
January 1994 - September 2001. (2 Pu es)

42.5 '/mln 28.3 minn 14.2 /m Total
Month OpOp.aA.aAai Op. Avail. Avai. Op Av Avu Op. Avai. Avn.*Hra ara Brs Bra Bra Hr Hrs Hrs
Jan 94 - - - 123 147 84% - - - 123 147 84%
Feb 94 - - - 103 140 74% - - - 103 140 74%
Mar 94 101 189 53% 127 161 79% - - - 228 350 65%
Apr 94 72 147 49% 105 147 71% - - - 177 294 60%
May 94 144 183 79% 400 452 88% - - - 544 635 86%
Jun 94 175 197 89% 339 460 74% - - - 514 657 78%
Jul 94 111 166 67% 397 575 69% 44 180 24% 551 921 60%

Aug 94 179 203 88% 694 744 93% 522 707 74% 1395 1654 84%
Sep94 168 193 87% 589 720 82% 709 720 98% 1466 1633 90%
Oct 94 261 372 70% 655 744 88% 684 744 92% 1600 1860 86%
Nov 94 534 624 86% 408 624 65% 521 624 83% 1463 1872 78%
Dec 94 374 504 74% 417 516 81% 364 504 72% 1154 1524 76%
Jan95 593 696 85% 668 696 96% 192 696 28% 1453 2088 70%
Feb95 591 672 88% 629 672 94% 419 672 62% 1639 2016 81%
Mar95 687 744 92% 596 744 80% 741 744 100% 2023 2232 91%
Apr 95 625 720 87% 694 720 96% 699 720 97% 2018 2160 93%
May 95 595 744 80% 741 744 100% 700, 744 94% 2035 2232 91%
Jun 95 628 720 87% 698 720 97% 700 720 97% 2026 2160 94%
Jul95 704 744 95% 639 672 95% 734 744 99% 2077 2160 96%
Aug95 737 744 99% 709 744 95% 741 744 100% 2188 2232 98%
Sep95 701 720 97% 691 720 96% 623 720 86% 2015 2160 93%
Oct95 643 744 86% 692 744 93% 667 744 E 90% 1994 2208 90%
Nov 95 617 672 92% 593 606 98% 603 605 100% 1813 1883 96%
Dec95 507 518 98% 512 517 99% 416 517 80% 1434 1552 92%
Jan96 590 711 83% 697 710 98% 580 710 82% 1866 2131 88%
Feb96 552 696 79% 653 696 94% 506 696 73% 1710 2088 82%
Mar 96 729 744 98% 715 744 96% 589 744 79% 2034 2232 91%
Apr % 713 720 99% 661 720 92% 715 720 99% 2088 2160 97%
May % 651 744 87% 731 744 98% 725 744 97% 2106 2232 94%
Jun 96 637 720 88% 610 720 85% 570 720 79% 1817 2160 84%
Jul96 533 744 72% 742 744 100% 595 744 80% 1871 2232 84%

Aug 96 628 744 84% 742 744 100% 712 744 96% 2082 2232 93%
Sep% 644 720 89% 671 720 93% 690 720 96% 2005 2160 93%
Oct96 741 744 100% 741 744 100% 743 744 100% 2225 2232 100%
Nov96 80 80 100% 91 91 100% 92 92 100% 263 263 100%
Jul 97 320 326 98% 327 327 100% 322 326 99% 969 979 99%
Aug 97 738 744 99% 741 744 100% 678 744 91% 2157 2232 97%
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Table S-2. Monthly Availability Data for the Soil Vapor Extraction Systems,
January 1994 - September2001. (2 Pages)

42.5 d/mnn 28.3 nwlnn 14.2 d/min Total
Month Op. Avail. AvaOl L AvaL AvuIL' Op. AvaiL AvaL. O Av AVSI.*

Hrn Hra frs frn Era firs rn Ers
Sep 97 720 720 100% 707 708 100% 663 720 92% 2090 2148 97%

Apr 98 - - - - - - 767 768 100% 767 768 100%

May 98 - - - - - - 744 744 100% 744 744 100%

Jun 98 - - - - - - 706 720 98% 706 720 98%

Jul 98 - - - - - - 589 600 98% 589 600 98%

Aug 98 - - - - - - 740 744 99% 740 744 99%

Sep98 - - - - - - 716 720 99% 716 720 99%

Apr 99 - - - - - - 772 778 99% 772 778 99%

May 99 - - - - - - 743 744 100% 743 744 100%

Jun 99 - - - - - - 672 696 96% 672 696 96%
Jul99 - - - - - - 743 744 100% 743 744 100%

Aug99 - - - - - - 704 744 95% 704 744 95%

Sep99 - - - - - - 708 720 98% 708 720 98%

Apr 01 - - - - - - 611 639 %% 611 639 96%
May01 - - - - - 743 744 100% 743 744 100%
Jun 01 - - - - - 658 720 91% 658 720 91%

Jul01 -- - - - - - 566 744 76% 566 744 76%

Aug 01 - - - - - - 689 744 93% 689 744 93%
Sep 01 - - - - - - 674 726 93% 674 726 93%

'MOadly avukbity -mwnflly opeating hoo/xatlry available opeaftgbhmu.
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Table 5-3. Number of Hours Each Soil Vapor Extraction System Has Operated.

Soil Vapor Number of Hours Operated Each Calendar Year
Extracdmn

System(m/min) 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Total

14.2 - - - 2,843 7,235 6,516 1,663 4,261 4,342 0 3,940 30,799
28.3 104 852 1,565 4,357 7,862 7,054 1,775 0 0 0 0 23,568

42.5 -- - 76 2,119 7,628 6,496 1,784 0 0 0 0 18,103

Total 104 852 1,641 9,319 22,725 20,066 5,222 4,261 4,342 0 3,940 72,470

Table 5-4a. Volume of Vapor Processed by Each Soll Vapor Extraction System.

Soi Vapor Volume of Vapor Processed Each Calendar Year
Extraction 1991 1992 1993 1994 1995 19% 1997 1998 1999 2000 2001 Total

System (m3/mn) (&?) (a') (11) (M') (M') (M') (M') (ni) (a') (in) (a') (M')
14.2 - - - 2,1001+03 4,900E+03 4,5501+03 1,2201+03 3,490E+03 3,550E+03 0 2,5201+03 22,330B+03

28.3 471+03 150E+03 1,420E+03 4,1901+03 10,470E+03 11,190E+03 2,830E+03 0 0 0 0 30,3001+03

42.5 - - 106+03 3.1901+03 1500 12,134+3 4,860B+03 0 0 0 0 35,9308+03

Total 471+03 150E+03 1,430E+03 9,480E+03 31,060B+03 27,920E+03 8,9101+03 3,490E+03 3,550E+03 0 2,520E+03 88,560B+03

Table 5-4b. Volume of Vapor Extracted from Each Soil Vapor Extraction Welfleld.

Volume of Vapor Extracted Each Calendar Year
Site 1991 1992 1993 1994 1995 1996 1997 1996 1999 2000 2001 Total

(a') (n') (a') (am) (in) (na) (01) (na) (in) (M3) (M') (10)

216-Z-IA/ 47E+03 1501+03 1,420E+03 6,2906+03 15,370E+03 15,740E+03 4,050E+03 1,9101+03 1.840E+03 0 1,780E+03 48,590E+03
Z-1&'Z-12 ____ ________ ________ __________

216-Z-9 - - 10E+03 3.190E+03 15,6902+03 12,1806+03 4.8601+03 1,590E+03 1,720E+03 0 750E+03 39,980E+03

Total 47E+03 150E+03 1.430E+03 9,480E+03 31,060E+03 27,920E+03 8,910E+03 3,490E+03 3,550E+03 0 2,5201+03 88,560E+03

wa
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Soil Vapor Extraction System Operating Data Rev. 6

'Table 5-5. Volume of Vapor Extracted from Each Extraction Well Between
April 1991 and September 2001.

216Z-1W/ Vapor Extracted 216-Z-1A Wells Vapor Extracted2164Z-9 Wells Vapor Extracted 2164-12 Wells
3/93-9/01 (M) 292-9/01 (ur) 4/91-9/1 (n3)

W15-6L 2,390E+03 W18-10L 2,440E+03 W18-6L 1,970E+03

W15-6U 150E+03 Wig-IOU 6601+03 W18-6U 150E+03

W15-8 0E+03 W18-11L 240E+03 W18-7 8,440E+03

W15-9L 870E+03 W18-12 940E+03 W18-O7L 40E+03

W15-9U 8401+03 W18-93 10E+03 W18-87M 201+03

W15-82 5,040E+03 W18-94 0E+03 W18-87U 40E+03

W15-84L 1301+03 W18-96 440E+03 W18-89 7,340E+03

W15-84U 2,510E+03 W18-97 230E+03 W18-150L 240E+03

W15-85 2,650E+03 WiS-98 01+03 WIS-i5OM 40E+03

W15-86 6908+03 W1B-99 160E+03 W18-150U 40E+03

W15-95L 280B+03 W1S-152 1,7701+03 WIS-158L 230E+03

W15-95U 790E+03 W18-153 480E+03 W18-158M 0E+03

W15-216L 1,160E+03 W18-246L 1,490E+03 W1S-158U 8201+03

W15-216U 5601+03 W18-246U 690E+03 W18-159 9301+03

W15-217 4.530E+03 W18-249 670E+03 W18-163L 170,+03

W15-218L 3,530E+03 W18-252L 3,370E+03 Wlt-163M 10E+03

W15-218U 3,4000E+3 W18-252U 1,100E+03 W18-163U 4108+03

W15-219L 2,800E+03 WIS-165 1,900E+03

W15-219U 2,770E+03 W18-166 860E+03

W15-220L 1,440E+03 W1S-167 1,510E+03

W15-220U 2,010E+03 W18-168 1,600E+03

W15-223 1,420E+03 W18-169 140E+03

W18-171L 500E+03

W18-171M 390E+03

W18-171U 4605+03

W18-174 2,830E+03

Wi-175 350E+03

W18-248 2,4501+03

Above 27360+ 6,220E+03 23,480E+03
27,3602.03OOD Plio-Picistocene NBC____ ______ ______

Below 8,480E+03 10,4101+03
ToW 12,9005+03 Tl60013+03 47ET-Pleistocene To 3,8eE
Total 39,950E+03 Total 14,700E+03 Totall 33,890E,+03

Performance EvaL Report for SVE at the Carbon Tet. Site,

June 2002

Feb. 1992 - Sept. 2001
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Table 5-6. Weekly Volume of Knockout Water Dralne from Soil Vapor
Extraction Systens, October 1994- September 20L (3 Pages)

Week Start Week Ed 42.5 /E Sy.3m Total
U?28n 3 dMMi 14.2 mn

(L) () (L)
10/20/92 2/9/94 0 1,022 0 1,022

2/10/94 6/30/94 1,747 1,747 0 3,493

1992-1994 Total' 1,747 2,769 0 4,515

10/13/94 10/19194 0 303 303 606

10/20/94 10/26/94 0 341 303 643

10/27/94 11/2194 379 757 265 1,400

11/3/94 11/9/94 833 303 303 1,438

11/10/94 11/16/94 833 643 303 1,779

11/17/94 11/23/94 795 757 98 1,650

11/24/94 11/30/94 643 454 53 1,151

12/1/94 12/7/94 530 454 303 1,287

12/8/94 12/14/94 303 530 303 1,136

12/15/94 12/21/94 738 227 151 1,117

12/22/94 12/28/94 0 0 0 0

12/29/94 1/4/95 0 0 0 0

1/5/95 1/11/95 0 303 0 303

1/12/95 1/18195 284 379 379 1,041

1/19/95 1/25/95 0 0 0 0

1/26/95 2/1195 568 189 0 757

2/2/95 2/8195 379 379 189 946

2/9/95 2/15/95 0 379 0 379

2/16195 2/22/95 454 379 227 1,060

2/23/95 3/1/95 757 379 303 1,438

3/2/95 3/8/95 757 379 303 1,438

3/9/95 3/15/95 662 379 303 1,344

3/16195 3/22/95 568 379 227 1,173

3/23/95 3/29/95 1,514 871 530 2.914

3/30/95 4/5/95 0 0 0 0

4/6/95 4/12/95 0 0 0 0

4/13/95 4/19195 568 492 379 1,438

4/20/95 4/26/95 379 473 0 852

Perfonnance Eval Report for SVE at the Carbon Te.
June 2002

Site, Feb. 1992- Sept. 200i
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Table 5-6. Weekly Volume of Knockout Water Drained from Soil Vapor
Extraction Systems, October 1994 - September 2001. (3 Pages)

weE Sstem Total
Week Start Week Ed 42.5 m3/nda 2. n?/mIn 14.2 n/in ()

1 () (L) (L)

1994-1995 Total 11,942 10,125 5,223 27,290

9/28195 10/4/95 0 0 379 379

105/95 10/11/95 0 379 379 757

10/12195 1M18195 0 379 379 757

1019/95 10/25/95 757 1,703 757 3,217

10/26/95 11/1/95 1,571 1,419 757 3,747

11/2195 11/8/95 1,722 1,628 530 3,880

11/9/95 11/15/95 1,628 1,287 568 3,482

11/16/95 11/22/95 1,136 1,154 511 2,801

11/23/95 11/29/95 757 303 170 1,230

11/30/95 12/6/95 1,457 1,211 341 3,009

12/95 12/13/95 1,192 1,363 95 2,650

12/14/95 12f20/95 1,646 1,230 416 3,293

12/21/95 12/27/95 700 208 132 1,041

12/28/95 1/3/96 0 0 0 0

1/4/96 1/10/96 1,609 2,309 492 4,410

1/111/96 1/17/96 1,609 1,382 492 3,482

1/18/96 1/24/96 852 1,400 549 2,801

1/25196 1/31/96 341 662 151 1,154

2/1/96 2/7/96 530 1,173 246 1,949

2/8/96 2/14/96 1,325 1,173 322 2,820

2/15196 2/21/96 795 568 151 1,514

2/22196 2/28/96 1,514 1,628 76 3,217

2r29/96 3/696 1,325 1,363 416 3,104

3/196 3/13196 757 1,022 151 1,930

3/14/96 3/20196 246 700 341 1,287

3/21/96 3/27/96 908 1,249 189 2,347

3/28/96 4/3/96 606 681 379 1,665

4/4/96 4/10/96 303 397 208 908

4/11/96 4/17196 0 454 114 568

4/18/96 4/24/96 341 757 454 1,552

Performance Eval Report for SVE at the Carbon Tet.
June 2002

Site, Feb. 1992 - Sept. 2001
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Table 5-6. Weekly Volume of Knockout Water Draino from Soil Vapor
Extraction Systems, October 1994 - September 201. (3 Pagos)

__________SVE System _____

Week Start Week End 42.5 m/Sn 28.3 m 4 / Total

(L) (L) (L)

4/25/96 5/1/96 0 0 0 0

5/2/96 5/8/96 0 0 0 0

5/9/96 5/15/96 454 265 227 946

5/16/96 5/22/96 0 0 0 0

5/23/96 5/29/96 0 454 0 454

5/30/96 6/5/96 0 0 0 0

6/96 6/12/96 0 0 0 0

6/13/96 6/19/96 0 0 0 0

6/20196 6296 0 0 390 390

1995-1996 Total 26,079 29,902 10,761 66,741

10/10/96 10/16/96 0 530 303 833

10/17/96 10/23/96 1,325 662 284 2,271

10/24/96 10/30/96 757 1,136 568 2,460

1996-1997 Totalb 2,082 2,328 1,154 5,564

1997-1998 Total' 0 0 189 189

1998-1999 Totale 0 0 379 379

2000-2001 Tots?* 0 0 757 757

1992-2001 Total 41,849 45,123 18,463 105,434

'No SVE June 4, 1993 through November 11, 1993 following the GAC overheaing incident on June 3, 1993;
volume February 10, 1994 through June 30, 1994 divided equally between the 28.3- and 42.5-m 3/min SVE
system.
'No SVE November 4,1996 through July 17.1997 during the rebound study.
No SVW October 1, 1997 through March 29, 1998 during the planned winter shutdown. The 14.2-m3/min
SVE system operated March 30, 1998 through September 30, 1998.
4No SVE October 1, 1998 through March 28, 1999 during the planned winter shutdown. The 14.2-m3/min
SVE system operated March 29,1999 through September 30,1999.
No SVW October 1, 1999 through September 30,2000. No SVE October 1, 2000 through April 3,2001
during planned winter shutdown. 14.2 m/min SVE system operated April 4,2001 through September 30,
2001.

Performance EvaL. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2061
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able 5-7. Analyses of Sol Vapor Extraction System Knockout Water.

63M4 1/2695 12/1289
voisa Organic Detctn Dtection R lt Result Detec

Coipout Leot U* R" LAt Rsit Ra imit

____(p/L)(pg/fJ) (nL ) (pg/L)
Cabontetrachride 10J 10 380 N/A 130 140 N/A

Chloroform 130 10 19 N/A <10 <10 N/A

Tetracbloroethylene IOU 10 0.7 J 2.0 <5 <5 N/A

Trichloroethylcne IOU 10 <1 N/A <5 <5 N/A

J =estimatedvalue
N/A =notasalable
U = analyzed for but not detected
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Table 5. Initial Carbon Tetrachloride Concentrations Measured at Individual Extraction Wells.

Restart 7/18/97 Restart 3/30198 Restart 6/30/99 Restart 4/4/01
e wn FaCC4 wen Fla W4 -a Flaw C& wen Flaw CC1J

Ite"a Dat Vacuum ,) < ) Date Vm. "M Date Vau """ Date Vacuum )Mh
____ ___ ___ ______ ___ ka) ________ ___ (Pa) i/ni~~ a) )Oft~) (kPa) _ ____

W18-6L 7/21/97 1 1 27 3/30/98 6 0 26 - -

W18-7 7/21/97 2 3 31 3/30198 1 1 15 - - --

W18-167 7/21/97 2 5 21 4/198 0 1 27 - - 4/401 2 7 33
W1S-174 72197 2 0 7 4/198 0 0 8 6/399 9 2 3, 4/4/01 6 1 30
W1S-248 7/21/97 3 0 59 3/30198 2 0 1 - - -- -- -

W1-252U 7/21/97 4 4 42 3/3(V99 9 2 36 - -

W18-152 - - - - 3/3098 6 0 21 - - -

W19-96 - - 3/3O98 9 2 16 - - - - -

W19-12 - 3/3098 - 9 0 29 - - -
W18-89 -- - 33/39 8 1 0 28 - --

W18-246U - //9 1 30 - - - -L -

W18-252L - 3/30198 12 1 29 - - -

W18-249 -- - 3/3098 7 3 33 -

W18-168 - - 4/1/98 0 0 1 6/30199 8 3 4/4/01 3 1 18
W1B-165 4/198 0 0 6 6/30199 7 4 16 4/4/01 3 2 41
WIS-166 - - 6/V99 8 3 42 4/4/01 3 2 12

- - - 4/4/01 3 0 0
Restart7/1/7 Restart 717/98 Restart 3/29/99 Restart 7/23/01

Z-9 wewe enwnWelWl
Interval DafVt Fw CV4 ma w CC14 D- Flow CVn4 Flow CC14 Flow CC14(a)u ("m " (p"", (flt) (m'/mln) (pp) (nt/mDa) (ppvuv) DtIC V u /dn) (P3M) Date Vacuum (md/Din) (pp)

W15-9L 7/1897 16 2 20 7/21/97 19 2 21 7/10/98 19 2 17 3/30/99 23 3 16 7/23/01 27 2 21
W15-82 7/18t97 16 2 106 7/21/97 14 2 47 - 7/1098 17 2 196 3/30199 20 2 167 7/23/01 24 2 154
W15-217 7/18/97 16 5 256 7/21/97 12 6 86 7/1098 15 4 135 3/30199 19 4 116 7/23/01 22 5 236
W15-6L 7/18/97 10 3 20 721/97 8 2 20 7/30198 9 2 18 - - - - - -

W15-86 7/18/97 15 5 138 7/21/97 12 5 111 7/3098 13 4 107 -

W15-218L 7/18/97 20 3 20 7/2197 13 2 22 -- -

W15-218U 7/18/97 17 6 21 7/21/97 11 5 22 7/3098 12 2 6 - -
W15-9U - - - 7/1(98 20 2 30 3/30/99 24 2 35 7)23/01 29 1 150

-=nodata
CC14 = crban tetraloride
ppmv = pat per million by volume

rerormanceEvw. RepororavE at the Carbon iet. 5ite Feb. I992-Sept 201
June 2002 5-89/5-90
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Table 5-9a. Hourly Data Availability for Passive Soil
During FY 2000.

Vapor Extraction Wells

Carten Tetrachloride Flow Rate Data Concentration and
Wel Concentration Data Available Flow Rate Data AvailableAvailable

10/14/99-130/99 11/11/99-12/30/99
11/11/99-03/28/00 01/03/00-02/09/00299-W18-6L 01/03/00-02/09/00 04/8/OO-09/3QW 03/07/00-03/28/00

03/07100-09/25/00 042/0-09/25/00

11/15/99-12/30/99 01/05/00-0210woo
299-Wi8-247L 01/03/00-02/09/00 11/11/99-03/28/00 03/07/00-03/28/00

03/0700-09/25/00 04/28/00-09/25/00

I11/11199-12/21/99 11/11/99-12/21/99
1 1/ 1 - 12 12128/99-12/3 99

10/14/99-12/30/99 01124/00-0229/00 01/03/0-01/2 WOO
299-W18-252L 01/03/00-02/09/00 03/05/00-03/28/00 03/Y7/00-03/28/00

03/07/0-09/25/0 05/22A00-06/14/00 05/22/O -6/4/0006/27/00-080/00 06/27/00-08/09/00
081 0-09/280 08/20/OO-09/25/0

"Concentration data collected prior to01/05/00 at this well are not repmsentative.

'able 5-9b. Hourly Data Availability for Passive Soil Vapor Extraction Wells
During FY 2001.

Carbon Tetrachloride Thw Rate Data Concentration andwen Concentration Data Available Flow Rate Dats AvailableAvailable

10108-10/24/00 10230 - 10240
299-WIB-6L 10/23/00 - I1/08M 11/30/00 - 12/18/00 11/30 - 12n1oo

11/30/00 - 04/04/01 02/01/01 - 04/05/01
04/13/01 -06/22/01

10/01/00 - 10/24/00

299-W18-247L 10/24/00 - 11/08/00 11/30/00-12/18/00 10/24/00 -1( 24/00
11/30/00 - 04/04/01 02/17/01 - 04/05/01 11/30/00 - 12/18/00

04/13/01-06/22/01

10/01/00-10/24100 102a0 - 10240
10/2310D - 11/01100 11/30/00 - 12/18/00 11/3'00- 12/24 00299-WIB-252L 11/30/00 - 04/04/01 02/25/01 - 04/05/01

05/07/01 -06/22/01

Concentration data collected after 01115/01 at this well ae not representative.

5-91
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Table 5-10a. Carbon Tetrachioride Removed by Passive Soll Vapor Extraction Systems During FY 2000.

10/14/1999 10/28/199911/29/1999 12/28/1999 1/272000 229/2000 6/12000 6/27/2000 7/32000 829/2000 FY 2000
WeD 1EV281999 11/29/1999 U1228/1999 1/27/2000 2/29/2000 6/112000 6/272 71/2000 8129/2000 9/27/2000 Total
_ _ (3)) (8) (3) (9 ) ) (3) (9) (8)()(3

GAC cartridge monthly analytical data
299-W18-6L 2.9 1.6 0.7 2.0 1.0 2.1 1.4 2.3 2.6 3.5 20.1
299-WI8-7 1.1 1.8 0.5 0.8 1.7 3.1 15.2 37.5 2.0 1.0 64.6
299-WIS-IOL 0.9 1.2 0.1 0.4 0.5 0.9 2.5 2.7 1.2 1.6 12.1
299-W18-11L 0.9 1.0 0.3 0.7 0.4 0.9 0.4 1.5 0.2 0.1 6.2
299-W18-12 3.0 0.1 1.3 0.2 2.3 16.9 17.2 3.7 6.0 50.8
299-W18-246L 1.4 2.0 0.3 0.5 0.7 7.3 24.2 15.5 7.0 0.4 59.2
299-W18-247L 0.8 0.7 0.2 1.2 0.4 1.0 2.0 1.0 0.2 0.3 7.8
299-WIS-252L 1.9 3.3 0.5 1.9 0.5 2.5 8.8 4.2 4.6 2.6 30.8
Total 9.7 14.6 2.6 8.7 5.5 20.1 713 82.0 21.5 15.6 251.7
Welhead hourly measurement data'

299-W18-247L NIA N/A N/A 3.7 0.5 29.3 12.3 7.5 0.0 8.9 62.2
299-W18-252L N/A 26.2 26.2 188.1 94.0 38.3 85.1 192.0 112.8 328.9 1091.6
Total N/A 26.5 30.7 254.2 157.5 177.2 97.4 278.8 241.2 689.1 1952.6
'Basd on flows above the following threshold flows: 299-Wi8-EL-0.03 m/min; 299-WI8-247L=0.05 mhi; 299-W18-252L=0.04 .u'/mi.
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'able 5-10b. Carbon Tetrachloride Removed by Passive Soil Vapor Extraction Systems During FY 2001.

9/27/c0 ii/2O O 1112912000 12(27/2000 1/29 2001 2/27/2001 3/26M2001 43WU2001 S3W2001 6/262001 7/30/2901 8130/2001 FY 2001
Wen 10131/200 11/29/2000 12/27/2000 1/29/2001 2127/2001 3/26/201 4/30/2001I 5/30/2001 6/26(2001 7/30/2001 /30/2001I 9/26/2001I Total

9() 1) () (9) (9) (a) (8)) ()

GAC cariuidut macahly analytIcal data

299-WIS-EL 5.6 0.9 0.0 0.0 0.0 0.0 0.2 14.6 10.3 12.6 6.9 2.0 53.2

299-W18-7 2.2 1.9 4.0 0.1 4.6 1.4 7.1 11.0 0.8 0.0 33.1

299-W18-10 1.5 0.8 2.4 0.1 1.4 0.6 2.6 6.8 .1.2 3.1 2.7 1.0 24.1

299-W18-11 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.1 0.2 0.1 0.9

299-W1812 3.2 1.7 3.3 0.0 2.3 2.0 7.4 12.5 7.5 0.0 40.1

299-WIS-246L 0.2 0.1 0.3 0.1 0.1 0.8 4.6 4.1 7.0 0.1 17.4

299-WI8-247L 0.5 0.1 0.0 0.0 0.0 0.0 0.0 1.3 1.7 0.0 0.5 1.3 5.5

299-Wi8-252L 7.7 2.3 1.2 2.0 1.5 0.8 3.8 3.6 0.7 8.2 7.4 2.1 41.4

Total 20.9 7.8 11.4 2.3 9.9 5.5 26.0 54.0 29.3 24.1 17.8 6.6 215.6

Walked dhowly nu mat t
299-W18-6L 0.0 N/A 0.0 N/A 0.0 0.0 0.0 N/A N/A INA N/A N/A 0.0

299-W18-247L 0.0 N/A 0.0 N/A /A N/A N/A N/A N/A N/A N/A N/A 0.0

299-wL-252L 0.0 N/A 75.21 N/A 0.0 104.7 39.3 N/A N/A NA N/A INA 219.2

Total 0.0 N/A 752 N/A 0.0 104.7 39.3 N/A N/A INA INA N/A 219.2

'Based w flows abcwe the following hUshold flows: 299-WI8-6L - 0.04 /min; 299-W18-247L - 0.09 m'/mi; 299-WIS-252L - 0.02 m'/min.
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Table 5-11a. Number of Days Hourly Data are Available During Each GAC Cartridge Sampling Interval in FY 2000.

GAC 1S/n4v9 1W/&M9 11/ 9 12/2199 1/27100 2129/00 6/1/00 6/27100 7/31/00 8/29/00 Total
1U2899 112W 12/2899 1/27100 2/29100 /Mw 6/27100 7131/00 8/29/00 92700

Nuer of days in GAC 14 31 29 30 33 94 26 34 29 29 349sample interval
Number of days hourly data
available for calculating mass 0 18 29 26 13 55 26 34 29 27 257
removal at 299-WIS-6L

Number of days hourly data
available for calculating man 0 0 0 22 13 55 26 34 29 27 206
removal at 299-WI8-247L

Number of days hourly data
available for calculating mass 0 18 22 22 13 31 13 34 18 27 198
removal at 299-W18-252L

Table 5-11b. Number of Days Hourly Data are Available During Each GAC Cartridge Sampling Interval in FY 2001.

GACm I 9127M 10/31)00 111/29O 12/2700 1 19 1 2/27/01 3/ iI 4/30/01 53001 I 6 I26/01 7/31I 8/3001
10/31100 1112W 12/27100 1429/01__ 2/27101__3/26101_j41311 W3W01 /2n091 7/31 91 8/391 9/26101

Numrofdays in GAC

30 27 34 31 27 364

available for calcuainf mass
removal at 299-WIS-6L

Number of days hourly data
availableforcalculatinmass 1 0 18 0 0 0 0 0 0 0 0 0 19
removal at 299-WI-247L

Number of days hourly data
available for calculaing mss 1 0 18 0 2 27 9 0 0 0 0 0 57
removal at 299-WIS-252L
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able 5-12. Estimate of Total Carbon Tetrachloride Removed from Each Passive Soil Vapor
Extraction Well in FY 2000 Based on Linear Trend Between Monthly GAC Cartridge

Analytical Data and Hourly Wellhead Measurement Data.

Total Carbon Tetraddlorde Iemas Reamved In FY 2000
(9)

Wen Baned on Hourly Dased a Mont Based on Iinear Trend Betwee GAC
Wellhead Mesurement GAC D and Hourly Dat

Data GACe_______D__ TOt 39.0440* GAC Total
299-W18-6L 798.8 20.1 78543

299-W18-7 64.6 2,52321

299-W18-10L 12.1 473.78

299-W1S-1IL 6.2 240.95

299-W18-12 50.8 1,982.76

299-W18-246L 59.2 2,313.10

299-W18-247L 62.2 7.8 305.27

299-W18-252L 1,091.6 30.8 1,202.32

Total 1,952.6 251.7 9,826.82
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Table 5-13. Estimate of Potential Total Carbon Tetrachlori4 Removed from
Each Passive Soil Vapor Extraction Well In FY 2001.

Madmum Carbon
Tetrachloride Maximum Flow
Concentration Nuber of Mass

woo pys to Removed
06/01J01 Sampiug Hourly Asue Opoe ( )

(p ) Meaurements (M3/Min)(PM)(m 3Imln)b (m/nn

299-WI8-6L 47.4 0.4 365 7,545.9

299-W18-7 38.5' 0.4 i51*' 2,535.6

299-W18-10L 12.8 0.2' 274' 944.8

299-W18-11L 11.4 0.2' 365 1,120.9

299-W18-12 30.5 0.4' 1860 2,467.6

299-W18-246L 40.9 0.2' 72s 1,664.6

299-W18-247L 7.2 0.2 365 710.9

299-W18-252L 38.1 0.2 305J 2,757.8

Total 19,748.1

aOn line to SVE system during June 1, 2001 sampling; concentration measured during dwacterization of individual
on-line extraction wells on May 31, 2001 (Table B-1).

'Asuedt~bethe samesa299-WIS-6L
'Assumed to be the same as 299-WIS-247L
'Assumed to be the s-m a 299-W18-252L
*Taken off line to passive system on May 31, 2001.
'Assumed to be blocked 50% of October through March by water in system (Tables C-l2 trough C-17).

Taken off line to passive system on June 5,2001.
hAssumd to be blocked 50% of October dhuouugh January by water in system(Tables C.4l through C-15).
'Assumed to be blocked 50% of October through February by water in system (Tables Ci.2 through C-16).
Assumed to be blocked 50% of November through Febmary by water in system (Tables C-13 through C-16).
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'Table 5-14a. Comparison of Carbon 'etrachloride Removed in FY 2000
Based on Selected Flow Rates.

Total C Total Carbon
Ttalorarbe M Tetrachioride Mass Carbon TetrachlorideTetrachloride Mass Removed Based on All Mass Removed,

Wen Remand Basd on Flows Above Threshold Maxium Hourly RateAll Flows Recorded (gihr)
(9) (9) __

W18-6L 1083.0 798.8 4.1

W18-247L 75.1 62.2 0.5

W18-252L 1366.6 1091.6 4.4

'Ibreshold flows are as follows: W18-6L = 0.03 m3/uin; WIB-247L = 0.05 m3/min;
WI8-252L = 0.04 m3/min.

'Ible 5-14b. Comparison of Carbon 'etrachloride Removed in FY 2001
Based on Selected Flow Rates.

Total Carbon Total Carbon

T otra c rbon Tetradloride Mass Carbon TetrachlordeTM Remo e ae IReaved Based on AU Mass Removed,

Al Flows Recorded Flows Above Threshold Mailmenu Hourly Rate
AU FFlow (ghr)

W18-6L 72.7 0.0 0.2

W18-247L 1.8 0.0 0.0

WIB-252L 261.7 219.1 2.7

*lbreshold flows are as follows:
W18-252L=0.02m 3/min.

WIS-6L = 0.04 m3/min; WIB-247L = 0.09 m'/min;
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6.0 NONOPERATIONAL SOIL VAPOR MONITORING DATA

Nonoperational soil vapor monitoring data are collected at wells and probes that are not on line
to the SV system. The objectives of monitoring the nonoperational wells and probes are (1) to
measure carbon tetrachloride concentrations and trends near the vadose-atmosphere and vadose-
groundwater interfaces to evaluate whether nonoperation of the SVE system is negatively
impacting the atmosphere or groundwater; and (2) to be cognizant of carbon tetrachloride
concentrations and trends near the lower permeability Plio-Pleistocene layer to provide an
indication of concentrations that can be expected during restart of SVW operations and to support
selection of on-line wells. The maximum carbon tetrachloride concentrations measured during
each period of rebound are provided in Table 6-1. For each wellfield, the period of rebound
begins when SVE operations are temporarily suspended.

6.1 SUMMARY OF FISCAL YEAR 1997 REBOUND STUDY

A rebound study was conducted at the carbon tetrachloride SVB sites from November 1996
through July 1997 (Rohay 1997). The purpose of the study was to determine the increase in
carbon tetrachloride vapor concentrations following shutdown of the extraction systems. During
the time when the systems were off line, carbon tetrachloride concentrations were monitored at
90 subsurface monitoring locations, ranging in depth from 2 to 64 m.

The magnitude and rate of rebound can be used to indicate the distribution of remaining carbon
tetrachloride sources and the transfer of additional carbon tetrachloride to the vapor phase that
can be remediated using SVE. However, based on the results of a bench-scale experimental
study conducted by Yonge et al. (1996), the mass of carbon tetrachloride remaining in the soil at
the vapor extraction sites cannot be reliably determined using the rebound study vapor-phase
data. Yonge et al. conducted experiments using pure carbon tetrachloride and clean site-specific
soils and concluded that calculation of carbon tetrachloride soil concentrations using measured
vapor-phase concentrations and either empirical relationships or adsorption isotherms to estimate
the soil-partitioning coefficient can lead to significant error (Yonge et al. 1996). This conclusion
was based on comparison of calculated and measured soil concentrations using data generated
during the experiments. The predictive equations generally assume equilibrium partitioning
between phases. However, these relationships do not account for the nonequilibrium partitioning
of carbon tetrachloride within the soil particles (the apparent "irreversible" adsorption).

The maximum carbon tetracbloride concentration measured at each individual sampling location
is plotted with depth in Figure 64. The highest concentration detected was 797 ppmv at
well 299-WI5-217 (35 mAtep)in the 216-Z-9 welifield. This vertical profile indicates that the
remaining carbontetrahlode available for removal using SVE is primarily associated with the
silt and underlyinglio-Pleistooe caliche layers (zones 3 and 4, Figure 2,2). Remaining
carbon tetrachloride sources am located in these layers as a result of(l) the initial accumulation
of carbon tetrachloride in these finer grained, lower permeability layers, observed during
characterization in 1991-1993 (Rohay et al. 1994); and (2) the relative inability of the extraction
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systems to induce airflow through this lower permeability zone to effectively remove the carbon
tetrachloride.

The maximum chloroform concentration measured at each samplirn location is plotted with
depth in Figure 6-2. The results are similar to those of carbon tetr4 iloride with two exceptions:
maximum chloroform concentrations tend to be relatively high ne4a0e ground surface (zone 1,
Figure 2-2) and also near the water table (zone 6, Figure 2-2). Tw shallow soil vapor probes,
one approximately 30 m west of216-Z-12 and one approximately 10 m northeast of 216-Z-9,
had relatively high maximum chloroform concentrations (20 to 30 jpmv), represented by one
data point at 2 m depth in Figure 6-2. The maximum chloroform ticentration at the other
shallow probes in the 216-Z-1A/Z-18/Z-12 area was 4.3 ppmv and i the 216-Z-9 area was
8.7 ppmv, represented by the other data point at 2 m depth in Figur 6-2. At the monitoring
locations near the groundwater (zone 6), the maximum chloroform toncentration in the
216-Z-1A area was 8.1 ppmv and in the 216-Z-9 area was 7.5 ppmv. The cause of the
apparently elevated chloroform is undetermined.

The concentrations of carbon tetrachloride and chloroform are co for the 216-Z-9 site in
Figure 6-3 and for the 216-Z-lA/Z-18/Z-12 site in Figure 6-4. Th4 data are plotted at the same
scales as in Figures 5-36 and 5-38 for ease of comparison. The c form to carbon
tetrachloride trends for the rebound data at the 216-Z-9 and 216-2 Z-18/Z-12 monitoring
locations appear to be similar. For carbon tetrachloride rebound trations greater than
approximately 100 ppmv, the trends of the chloroform to carbon t oride ratios follow the
shallower of the two trends identified in the extracted soil vapor (F 5-36 and 5-38). The
data in Figures 6-3 and 6-4 include all the rebound data for zones 2 through 6 (not just the
maximum values).

Carbon tetrachloride concentrations rebounded significantly (i.e., an order of magnitude) at
only five locations monitored during the study, indicating that in i y ares the readily
accessible mass has been removed. The continuing rebound at m locations indicates that the
supply of additional carbon tetrachloride to the high flow zone poi aces affected by SVE is
limited by diffusion of the contaminant from soil moisture and mic pores and/or from the lower
permeability zones. These data also indicate that the distribution a parbon tetrachloride sources
is not uniform. During the first 3 weeks of SVE operations in JulyI 97 following rebound, the
three SVE systems combined were extracting an average of 178 k eek, compared to
102 kg/week in November 1996 and in September 1997. These comparisons indicate that carbon
tetrachloride is still available for extraction using SVE.

Carbon tetrachloride concentrations rebounded most rapidly in the to 16 weeks following SVE
shutdown but continued rebounding (at the same rate or more slow ) for 8 months and
presumably would continue for years. Carbon tetrachloride conce dions decreased most
rapidly in the first 5 weeks following SVE restart, after which they tinned decreasing more
slowly with continued SVE operations. Therefore, to optimize the n tetrachloride mass
removal efficiency (in terms of mass of carbon tetrachloride remo per volume of soil vapor
extracted), the minimum operating cycle recommended in 1997 was4 to 8 weeks of SVE
operation followed by 8 to 16 weeks of rebound.
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Carbon tetrachloride concentrations near the water table remained relatively constant or
increased slowly, suggesting that volatilization of carbon tetrachloride from the dissolved source
in the groundwater into the unsaturated zone is occurring slowly relative to the 8-month-long
rebound study period. Based on comparison of measured vapor concentrations to theoretical
vapor concentrations that would be in equilibrium with measured groundwater concentrations,
the groundwater and vapor do not appear to be in equilibrium. The expected direction of carbon
tetrachloride migration is from the groundwater to the vadose zone, based on the comparison of

measured to theoretical vapor concentrations.

Numerical model simulations were conducted to evaluate the location of potential sources of
residual carbon tetrachloride in the vicinity of the 216-Z-9 Trench (Riley 1998). Carbon
tetrachloride concentrations diffusing from assumed source zones of varying configurations and
depths in the model were compared to the rebound field data. Model simulations suggested that
a horizontal zone of residual DNAPL contaminatin at a depth of21 to 47 m was most consistent
with the field data. The simulations suggested that a vertical zone of residual contamination
directly below the 216-Z-9 Trench would not produce the rebound concentrations observed
during the field study. The numerical model also suggested that rebound at other depths may be
caused by more localized, diffuse sources.

6.2 FISCAL YEAR 1998 SOIL VAPOR MONITORING

Soil vapor monitoring at off-line wells and probes was conducted in FY 1998 using the sampling
methods developed for the rebound study conducted in FY 1997 (Rohay 1997). A low-flow
(0.8 Lmin) sampling pump was used to draw soil vapor samples from wells and probes into a
l-L Tedlar bag for analysis using a B&K multi-gas monitor. Two purge volumes were drawn
before the sample was collected. For most of the wells in which the sampling pump was used, a
tube was lowered to the target depth where the casing is perforated (i.e., open to the sediment
and its pores) to minim ze the volume of air to be purged. A metal filter attached to the end of
the tube also served as a weight. Each sampling tube remained in the well for the duration of the
monitoring period. Each well equipped with a sampling tube remained sealed at the wellhead
throughout the monitoring period. As a test, at a limited number of wells the sampling pump
was used to collect a sample at the wellhead without use of a sampling tube extended to the
perforated interval. These wells were purged for either 3 minutes or 10 minutes using the
sampling pump. The wells remained sealed, and the sample pump was used to collect samples in
1 -L Tedlar bags for analysis using the B&IL

Soil vapor samples were collected from approximately 25 off-line wells and probes once per
month. All of the FY 1998 soil vapor monitoring data are included in Appendix D.

Soil vapor samples were analyzed primarily to monitor for carbon tetrachloride. However, the
samples collected from off-line wells and probes were also analyzed for chloroform, methylene
chloride% methyl ethyl ketone, and water vapor because the B&K multi-gas monitor had been
configured to analyze for all four contaminants plus water vapor to support routine monitoring
during extraction operations.
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During October 1997 through March 1998, soil vapor concentratio were monitored near the
groundwater and near the ground surface to assess whether nonop tion of the SVE system was
allowing carbon tetrachloride to migrate out of the vadose zone to tIo atmosphere and/or to the
groundwater. The maximum concentration detected between dep "of 2 and 5 m bgs was
1 ppmv; the maximum concentration detected between depths of 8 d 18 m was 43 ppmv. Near
the groundwater, at depths ranging from 54 to 63 m bgs, maximun oncentrations ranged from
14.6 to 31.3 ppmv. These results, obtained during 6 months of rebind, are similar to those
obtained during the 8-month rebound study conducted in FY 1997 (Johay 1997).

During April through June 1998, soil vapor monitoring was contin at the shallow and deep
locations at the 216-Z-9 site. Monitoring locations were added neq he lower permeability Pio-
Pleistocene unit at the 216-Z-9 site to provide an indication of co trations that could be
expected during restart of SVE in July 1998. Concentrations dete in the near-surface and
near-groundwater zones during these three additional months of re und were similar to those
observed during the previous 6 months. Nearer the Plio-Pleistocen bayer, at depths ranging
from 18 to 35 in bgs, maximum concentrations ranged from 0 to 6 'ppmv. The highest
concentration was detected at well 299-W15-217 (35 m deep), the - - flat which the highest
concentration was detected during the FY 1997 rebound study. Th results were obtained
during 9 months of rebound and are similar to those obtained during the 8-month rebound study
conducted in FY 1997 (Rohay 1997).

During July through September 1998, soil vapor monitoring was red at the 216-Z-1A and
216-Z-18 sites. Monitoring was conducted in the near-surface, ne lio-Pleistocene, and near-
groundwater zones. The maximum concentration detected was 143 mv at well 299-W18-158L
(36 m deep) in the 216-Z-1A Tile Field. These results were obtaine during only 3 months of
rebound.

The maximum carbon tetrachloride concentration measured at each ampling location in
FY 1998 is plotted with depth in Figure 6-5. The maximum concen tions measured during the
rebound study (Figure 6-1) are included for comparison.

Samples were collected initially from well 299-W15-217 at the we cad before the downhole
sampling tube was installed to evaluate the effect of the sampling e. In March and
April 1998, these wellhead samples contained 65 and 25 ppmv of Q n tetrachloride,
respectively. Samples collected in May and June 1998 using the dole sampling tube
contained 630 and 504 ppmv of carbon tetrachloride, respectively. *ther wells sampled without
the sampling tube had anomalously low to nondetectable carbon te chloride concentrations.
Based on these results, samples collected at the wellhead when the *ells are not venting are not
representative of in situ concentrations. These results were not used in evaluation of the
monitoring data.

Because carbon tetrachloride concentrations did not increase signi tly at the shallow probes
monitored in FY 1998, temporarily suspending operation of the SV system for 6 to 9 months
appears to have caused minimal detectable vertical transport of carbn tetrachloride through the
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soil surface to the atmosphere. Because carbon tetrachloride concentrations did not increase
significantly near the water table during this time, temporarily suspending operation of the SVE
systems appears to have had no negative impact on groundwater quality. The results of the
FY 1998 soil vapor monitoring again suggest that the silt and underlying Plio-Pleistocene caliche
layers are the most likely source of carbon tetrachloride available for removal using SVE.

6.3 FISCAL YEAR 1999 SOIL VAPOR MONITORING

Soil vapor monitoring at off-line wells and probes was also conducted in FY 1999 using the
sampling methods developed for the rebound study conducted in FY 1997 (Rohay 1997). Soil
vapor samples were collected from 30 off-line wells and probes once per month. All of the
FY 1999 soil vapor monitoring data are included in Appendix E. As in FY 1998, soil vapor
samples were analyzed primarily to monitor for carbon tetrachloride. However, the samples
collected from off-line wells and probes were also analyzed for chloroform, methylene chloride,
methyl ethyl ketone, and water vapor because the B&K multi-gas monitor had been configured
to analyze for all four contaminants plus water vapor to support routine monitoring during
extraction operations.

Soil vapor concentrations were monitored near the groundwater and near the ground surface to
assess whether nonoperation of the SVE system was allowing carbon tetrachloride to migrate out
of the vadose zone to the atmosphere and/or to the groundwater. Monitoring was also conducted
at locations near the lower permeability Plio-Pleistocene unit to provide an indication of
concentrations that could be expected during restart of SVE.

Both the 216-Z-1A/Z-18/Z-12 and 216-Z-9 wellfields were monitored between October 1998
and March 1999 while operation of the SVE system was temporarily suspended for the winter.
The 216-Z-1A/Z-18/Z-12 wellfield was monitored during SVE operations at 216-Z-9 from April
through June 1999, and the 216-Z-9 welfield was monitoring during SVE operations at
216-Z-lA/Z-18/Z-12 from July through September 1999.

The maximum concentration detected between depths of 2 and 5 m bgs was 5 ppmv; the
maximum concentration detected between depths of 8 and 18 m was 57 ppmv (Figure 6-5). Near
the groundwater, at depths ranging from 54 to 63 m bgs, maximum concentrations ranged from
13 to 29 ppmv. Nearer the Plio-Pleistocene layer, at depths ranging from 21 and 47 m bgs,
maximum concentrations ranged from 0 to 561 ppmv (Figure 6-5). These results, obtained
during 3 to 12 months of rebound, are similar to those obtained during the 8-month rebound
study conducted in FY 1997 (Rohay 1997).

The highest concentration was detected at the 216-Z-9 wellfield at well 299-W15-217 (35 m
deep), the well at which the highest concentrations were detected during the FY 1997 rebound
study and the FY l998aonitoring. This result was obtained during 6 months of rebound. At the
216-Z-lA/Z-18 welfield, the maximum concentration detected was 492 ppmv at well
299-W18-158L (36 m deep), the well at which the highest concentrations were detected during
FY 1998 monitoring. This result was obtained during 12 months of rebound.
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Because carbon tetrachloride concentrations did not increase signi tly at the shallow probes
monitored in FY 1999, temporarily suspending operation of the S* system for 6 to 12 months
appears to have caused minimal detectable vertical transport of c tetrachloride through the
soil surface to the atmosphere. Because carbon tetrachloride con ons did not increase
significantly near the water table during this time, temporarily su ding operation of the SVE
system appears to have had no negative impact on groundwater q ty. As in FY 1997 and
FY 1998, soil vapor monitoring results in FY 1999 suggest that thc1$ilt and underlying
Plio-Pleistocene caliche layer are the most likely source zone for the observed carbon
tetrachloride vapor.

6.4 FISCAL YEAR 2000 SOIL VAPOR MONITORING

Soil vapor monitoring at off-line wells and probes was also conduqj
sampling methods developed for the rebound study conducted in Fl
vapor samples were collected from 22 off-line wells and probes ol
FY 2000 soil vapor monitoring data are included in Appendix F.
samples were analyzed primarily to monitor for carbon tetrachlori4
collected from off-line wells and probes were also analyzed for chli
methyl ethyl ketone, and water vapor because the B&K multi-gas J
to analyze for all four contaminants plus water vapor to support rou
extraction operations.

in FY 2000 using the
1997 (Rohay 1997). Soil

;permonth. All of the
in previous years, soil vapor
However, the samples

Oform, methylene chloride,
nitor had been configured

ine monitoring during

During FY 2000, soil vapor was sampled hourly at three ofthepa e SVE wells and analyzed
for carbon tetrachloride, chloroform, methylene chloride, methyl e1 ketone, and water vapor
using a B&K multi-gas monitor. These data are included in the evaluation of the FY 2000
rebound data.

Soil vapor concentrations were monitored near the groundwater
assess whether nonoperation of the SVE system was allowing cr
of the vadose zone to the atmosphere and/or to the groundwater.
at locations near the lower permeability Plio-Pleistocene unit to pr
concentrations that could be expected during restart of SV. Duri
carbon tetrachloride concentrations were also monitored at shallow
In light of the sporadic and low concentrations detected at these shu
shallow monitoring was not conducted during FY 2000.

ear the ground surface to
tetrachloride to migrate out
toring was also conducted

de an indication of
FY 1998 and FY 1999,
il vapor probes (2 m deep).

how soil vapor probes,

Both the 216-Z-lA/Z-18/Z-12 and 216-Z-9 wellfields were monitorW between October 1999
and September 2000 while operation of the SVE system was tempo rily suspended for the year.

The maximum concentration detected near the ground surface (betj
9.4 ppmv. Near the groundwater, the maximum concentration was
samples collected from a depth of 54 m bgs at the 216-Z-9 site usi4
methods. The maximum concentration was 69.2'ppmv in hourly 84
ranging from 51 to 63 m bgs at the three passive extraction wells at

en 2 and 10 m bgs) was
).4 ppmv in monthly
the rebound study sampling
ples collected from depths

he 216-Z-lA/Z-18 site.
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Near the Plio-Pleistocene layer, at depths ranging from 25 and 40 m bgs, the maximum
concentration detected was 442 ppmv (Figure 6-5). These results, obtained during 12 to 15
months of rebound, are similar to those obtained during the 8-month rebound study conducted in
FY 1997 (Rohay 1997).

During FY 2000 monitoring, the highest concentration (442 ppmv) was detected at the 216-Z-9
wellfield at well 299-W15-217 (35 m deep), the well at which the highest concentrations were
detected during FY 1997, FY 1998, and FY 1999 monitoring. This result was obtained during
15 months of rebound. At the 216-Z-1A/Z-18 wellfield, the maximum concentration detected
was 248 ppmv at well 299-W18-167 (32 m deep) in the 216-Z-1A Tile Field, the well at which
the highest concentrations were detected during FY 1997 monitoring in this area. The well at
which the highest concentrations were detected during FY 1998 and FY 1999 monitoring at the
216-Z-lA/Z-18 site is also in the tile field. This result was obtained during 12 months of
rebound.

Because carbon tetrachloride concentrations did not increase significantly at the near-surface
probes monitored in FY 2000, temporarily suspending operation of the SVE system for 12 to
15 months appears to have caused minimal detectable vertical transport of carbon tetrachloride
through the soil surface to the atmosphere. Because carbon tetrachloride concentrations did not
increase significantly near the water table during this time, temporarily suspending operation of
the SVE systems appears to have had no negative impact on groundwater quality. As in
FY 1997, FY 1998, and FY 1999, soil vapor monitoring results in FY 2000 suggest that the silt
and underlying Plio-Pleistocene caliche layer are the most likely source zone for the observed
carbon tetrachloride vapor.

6.5 FISCAL YEAR 2001 SOIL VAPOR MONITORING

Soil vapor monitoring at off-line wells and probes was also conducted in FY 2001 using the
sampling methods developed for the rebound study conducted in FY 1997 (Rohay 1997). Soil
vapor samples were collected from 22 off-line wells and probes once per month. All of the
FY 2001 soil vapor monitoring data are included in Appendix G. As in previous years, soil
vapor samples were analyzed primarily to monitor for carbon tetrachloride. However, the
samples collected from off-line wells and probes were also analyzed for chloroform, methylene
chloride, methyl ethyl ketone, and water vapor because the B&K multi-gas monitor had been
configured to analyze for all four contaminants plus water vapor to support routine monitoring
during extraction operations.

During FY 2001, soil vapor was sampled hourly at three of the passive SVE wells and analyzed
for carbon tetrachloride, chloroform, methylene chloride, methyl ethyl ketone, and water vapor
using a B&K multi-gas monitor. These data are included in the evaluation of the FY 2001
rebound data.

Soil vapor concentrations were monitored near the groundwater and near the ground surface to
assess whether nonoperation of the SVE system was allowing carbon tetrachloride to migrate out
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of the vadose zone to the atmosphere and/or to the groundwater. 1initoring was also conducted
at locations near the lower permeability Plio-Pleistocene unit to pr ide an indication of
concentrations that could be expected during restart of SVE. Durio FY 1998 and FY 1999,
carbon tetrachloride concentrations were also monitored at shallow il vapor probes (2 m deep).
In light of the sporadic and low concentrations detected at these shaIow soil vapor probes,
shallow monitoring was not conducted during FY 2000 or FY 2001,

Because the SVE systems were not operated during FY 2000, the centrations measured
during FY 2001 represent a continuation of the rebound that be lowing SVE in FY 1999.
The monitoring at both the 216-Z-1A/Z-18/Z-12 and 216-Z-9 wellds that was conducted
between October 1999 and September 2000 was continued through March 2001 while operation
of the SVE system was temporarily suspended.

The maximum concentration detected near the ground surface (b 2 and 10 m bgs) was
16.5 ppmv (Figure 6-5). Near the groundwater, the maximum conq tration was 20.4 ppmv in
monthly samples collected from a depth of 54 ci bgs at the 216-Z-9 te using the rebound study
sampling methods. The maximum concentration was 69.2 ppmv ly samples collected
from depths ranging from 51 to 63 m bgs at the three passive xr on wells at the 216-Z-lA/Z-
18 site. Near the Plio-Pleistocene layer, at depths ranging towm 25' 40 m bgs, the maximum
concentration detected was 442 ppmv (Figure 6-5). These results, tamed during 18.to
24 months of rebound, are similar to those obtained during the 8-mouth rebound study conducted
in FY 1997 (Rohay 1997).

During FY 2000 and 2001 monitoring, the highest concentration ( ppmv) was detected at the
216-Z-9 wellfield at well 299-W15-217 (35 m deep), the well at w h the highest
concentrations were detected during FY 1997, FY 1998, and FY 1 monitoring. This result
was obtained during 21 months of rebound. At the 216-Z-tA/Z-18 ellfield, the maximum
concentration detected was 284 ppmv at well 299-W18-158L (36 M eep) in the 216-Z-1A Tile
Field, the well at which the highest concentrations were detected di ing FY 1998 and FY 1999
monitoring. This result was obtained during 18 months of rebound,

Carbon tetrachloride rebound concentrations measured at waill 299w 15-217 during four
different periods of nonoperation of the SVE system are shown in 6-6. Although the
lengths of time available for rebound ranged from 6 to 21 months, maximum carbon
tetrachloride concentration decreased with each successive monitc g period. This decline in
maximum concentrations may indicate that the remaining carbon tetrachloride is becoming less
accessible and/or diffusing from increasingly greater distances.

Because carbon tetrachloride concentrations did not increase signi tly at the near-surface
probes monitored in FY 2001, temporarily suspending operation o SVE system for 18 to
21 months appears to have caused minimal detectable vertieal of carbon tetrachloride
through the soil surface to the atmosphere. Because carbon tetrac de concentrations did not
increase significantly near the water table during this time, t y suspending operation of
the SVE systems appears to have had no negative impact on grorquality. As in
FY 1997, FY 1998, FY 1999, and FY 2000, soil vapor monitoring ts in 1 2001 suggest
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that the silt and underlying Plio-Pleistocene caliche layer are the most likely source zone for the
observed carbon tetrachloride vapor.

6.6 COMPARISON OF SOIL VAPOR MONITORING BEFORE AND
AFTER SOIL VAPOR EXTRACTION REMEDIATION

Baseline monitoring was conducted to estimate the magnitude of carbon tetrachloride subsurface
vapor concentrations prior to initiation of SVE operations to remove carbon tetrachloride from
the vadose zone. The baseline monitoring program for the vapor extraction system consisted of
116 selected wells and deep soil vapor probes that were monitored twice per week from
December 1991 through December 1993 (Fancher 1994).

The wells and deep soil vapor probes were monitored using a total organic vapor monitor (a
photoionization detector [PID] equipped with an 11.8-eV lamp). The range for the instrument
was 0.1 to 2,000 ppmv. The total VOC measurement was assumed to consist solely of carbon
tetrachloride, based on confirmation at selected sample stations using carbon tetrachloride-
specific colorimetric tubes and the predominance of carbon tetrachloride in other samples
analyzed using gas chromatography (Fancher 1994, Rohay et al. 1994).

The wells were sampled at the wellhead by inserting the PID probe a few centimeters into the
well and allowing air to be drawn through the instrument for at least 10 seconds before a reading
was taken. At soil vapor probes, the PID was directly coupled to the sample tube leading from
the subsurface probe to the surface. At least two purge volumes were extracted from the tube
before the vapor was monitored. At both wells and probes, the vapor was monitored while
readings increased; once the readings peaked, the maximum value was recorded (Fancher 1994).

Observed carbon tetrachloride concentrations (measured as total organic vapor) ranged from 0 to
over 2,000 ppmv; in this report, readings above 2,000 ppmv (observed at five locations in the
216-Z-9 wellfield) were set equal to 2,000 ppmv (the maximum calibration value). Because the
contaminant concentrations fluctuate in response to barometric pressure, the maximum baseline
monitoring value for each well or probe was judged to have the greatest likelihood of
representing equilibrium conditions.

Although the highest concentrations for the baseline monitoring network measured between
December 1991 and December 1993 appear to be associated with the lower permeability
Plio-Pleistocene layer, relatively high concentrations are observed throughout the vadose zone
(Figure 6-7). (Although SVE was initiated at the 216-Z-IA and 216-Z-18 sites in 1992,
operations were limited to 7 hr/day, 5 days/week using up to 11 wells. The baseline monitoring
data set presented here is considered generally representative of pre-remediation conditions.)
Vertical profiles for carbon tetrachloride concentrations monitored at wells and deep soil vapor
probes after remediation in 1996, 1997, 1998, and 1999 (Figure 6-5) suggest that SVE has been
relatively successful in remediating the higher permeability, higher flow zones in the sands and
gravels above and below the Plio-Pleistocene unit.
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The maximum carbon tetrachloride values measured between D ber 1991 and December
1993 at wells and deep soil vapor probes with open areas above lio-Pleistocene unit are
shown in Figure 6-8a; the maximum values for wells with open are js below the Plio-Pleistocene
unit are shown in Figure 6-8b. In constructing these figures, it wq "ssumed that the results
collected at various monitoring points are comparable to each oth *lespite the differing ages,
locations, depths, and completions of individual wells and probes. intervals in the
boreholes range from approximately 23 to 48 m bgs. The deep soi ar probes range in depth
from 3 to 33 m. In addition, the distributions of vapor shown in Fl 6-8 are limited by the
extent of the monitoring network. Laterally, the highest concentr ns were observed at the
216-Z-9 wellfield. Concentrations observed at the 216-Z-12 Crib wlls were comparable in
magnitude to those observed at the 216-Z-1A Tile Field.

The maximum values observed during the 1997 rebound monitoring are shown in Figures 6-9a
and 6-9b.
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Figure 6-1. Vertical Profile of Maximum Carbon Tetrachloride Rebound Concentrations,
November 1996 - July 1997.
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Figure 63. Relationship Between Concentrations of Carbon ltrachloride
and Chloroform Measured at Rebound Study Monitoring

Locations In the 216-Z-9 Wellfield.
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Figure 6-4. Relationship Between Caentratoas of n Tetrachloride and
Chloroform Measured at Rebound Study Moni g Locations

In the 216-Z-1A/Z-1/Z-12 Wellfield.
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Figure 6-6. Carbon Tetrachloride Rebound Concentrati4 Measured
Well 299-W15-217, November 19% - June 2001.
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Figure 6-8a. Maximum Carbon Tetrad d RaarIp tons Recorded at
Wells and Deep Soil Vapor Probes Open Above the flei6Pstocene Unit,

December 1991 - December 1993 (from Fauiber 1994).
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Figure 6-8b. Maximum Carbon Tetrachloride Baseline Concentrations Recorded at Wells
Open Below the Pilo-Pleistocene Unit, December 1991 - December 1993

(from Fancher 1994).
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Figure 6-9a. Maximum Carbon Tetrachloride Rebound C4centrations Recorded at
Wells and Deep Soil Vapor Probes Open Above the -Plestocene Unit,

November 1996 - July 1997.
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Figure 6-9b. Maximum Carbon Ietrachloride Rebound Concentrations Recorded
at Wells Open Below the Plio-Pleistocene Unit, November 196 - July 1997.
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a Table 6-1. Comparison of Mainun Carbon Tetrachloride Rebound Concentrations Monitored at the 200-PW-1
Soil Vapor Extraction Site, FY 1997 - FY 2001. (5 Pages)

z

( (

November 199 - October 1997- July 199 - u m - Jm 2 July 2001- -
July 197 September 1998 September 1999 July IM September 2001

Location
(Wel or sit Depth Mhamzn Maximum Malmnu Maximum Maxmum I
Probe) (m) Ro Months of Months o Rebonths Ro Months of Re Months of

Caroni Caron Months oabo CarbonMot)
Tetrachlorde et Tetrachlorde Tetrachoride Tetradalori e §

(ppmv) (ppmV) (ppmv) (ppmv) (ppm,)
79-03/5 ft Z-18 2 0 8 0 3 0 12 - - -

79-0 5 ft Z-IA 2 - - - - 1.4 12 - - -

79-11/5ft Z-1A 2 0 8 0 6 2.9 12 - -- -

86-J5/5 ft Z-9 2 - - - -- 0 3 - -- --

86-05-0115 ft Z-9 2 -- - -- -- 0 3 -- -- -

86-065 ft Z-9 2 1.3 8 0 9 1.9 6 - - - -
8705/5 ft Z-IA 2 - - 0 3 L 12 --

87-09/5 ft Z-IA 2 - - 1.5 3 2.6 12

94-02/5 ft Z-9 2 0 8 - - 1.4 3

95-11/5ft Z-9 2 0 8 2.1 9 2.5 6

95-12/5 ft Z-9 2 1.1 8 1.5 9 1.3 6

-4 - --- - 0. - - ---

CPr-13A/9ft Z-IA 3 - - 0 6 1.0 12

CPT-16 10 ft Z-9 3 - - 0 9 1.5 6 - -

CPT-17/10ft Z-9 3 - - 4.2 9 5.1 6 6.6 24

CPT-18/15ft Z-9 5 - - 6.5 9 5.0 6 5.2 24

CPT-3125 ft Z-1A 8 - - 0 6 0 12 - --

CPT-16/25ft Z-9 8 - - - - ---

CPT-32/25ft Z-IA & - - 9.1 6 10.0 12 L6.5 is 0 3

w
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Table 6-1. Comparison of Maximum Carbon Tetrachloride Rebound Concentrations Monitored at the 200-PW-1
Soil Vapor Extraction Site, FY 1997 - FY 2001. (5 Pages)

November 196- October 1997 - July 1993 - J m -J Jm July 2001 -

July 197m September 199S September 1999 September 2001
Location
(Wenor Depth Maximum Miaxnm Maxhum Maximum Maximum

Probe) ( Re n Monthst Rebound Monthss of und monhs at' ebd M onts Of

Tetrachloride Tetrachoride Tet radhoride Tetraode Tet
(ppmv) (ppMe) (ppmV) (ppmY) (ppmv)

cPT-4A2sft Z-LA 3 - - - - - - 3.5 0 0 3

CPT-30/28ft Z-18 9 - - - - 3.2 12 1.4 18 0 3

CPT-13A30ft Z-1A 9 2.2 8 - - - - 3.6 18 1.9 3

CPr-7AI32ft Z-1A 10 - - 2.3 6 5.4 12 6.2 18 4.2 3

CPT-27/33 ft 2-9 10 1.2 8 - - - - 2.6 24 - -

CPT-IA/35ft Z-18 11 2.0 8 14 3 3.0 12 7.7 18 11.3 3

CPT-28/40ft Z-9 12 40.1 8 - -- - - - - 56.5 0

CPT-33140ft Z-IA 12 - - 2.0 3 2.6 12 - - 1.6 3

CPT-34140ft Z-18 12 2.3 8 - - 1.7 12 1.9 0 2.2 3

CPr-21A/45ft Z-9 14 65.6 8 52.7 9 56.6 3 127 24 133 0

W15-220ST/ Z-9 16 2.0 8 - - 1.6 3 2.5 24 - -

CPr-28w60ft Z-9 18 - - 1.5 0 3.7 3 - - - --

CPT-9A/60ft Z-9 18 45.5 8 41.1 0 44 3 67.6 24 45.3 0

CPt-369ft Z-18 21 1.7 8 - - 3.0 12 - - - -

CPr-32/70ft Z-1A 21 7.4 8 - - - - - - 4.3 3

CPT-13A/70ft Z-IA 21 5.2 8 - - 5.6 12 - - -

cPr-2470 ft Z-9 21 - - 3.2 9 3.6 3 -- --

W -219S8T/ -9 21 14.6 8 - - 7.6 3 7.8 24 - -

I
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CPr-9A/91ft Z-9 28 103 8 34.5 9 72.3 3 - - 74.3 0

W15-85191ft Z-9 28 - - - - - - 51.3 24 - -

W1B-2528ST/ Z-IA 30 38.2 8 17.8 3 24.0 12 - - - -100 ft

WIS-1521 Z-12 31 46.8 8 11.1 3 33.3 12 24.7 18 25.7 3101 ft Z 2
W18-1671 Z-IAj 32 r 322.8 1 8 1 79.7 3 228 12 281 8
106 ft I1 281 8
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Table 6-1. Comparison of Maximum Carbon Tetrachlioride Rebound Concentrations Monitored at the 200-PW-1
Soil Vapor Extraction Site, FY 1997 - FY 2001. (5 Pages)

November 1996- October 1997 - July 199-J -Jny0201-
July 1997 September 199" September 1999 uly 9- June 0Sepember 2001

Location
(Wel or S Depth Ma um Maximum aximum Maimum Maximum
Probe) (m) Rbumfld Reon Rebun Monouhs Rebound MnhCarbonm) Ie Months Of Months of Months Months of Months of

TRrehleound Cai1 erbonmid Rebon!o aro Rebudaabonia Rebound! Cro eon
Tet Te Tetraculoride Tetraculoride Tetrachloride

(ppm') (ppmV) (ppmV) (ppmY) (ppm')
CPr-18/75ft Z-9 23 - -- - - - - 17.7 24 - --

C~r-4A/75ft Z-1A 23 - - - - - - - - 7.1 3

CPF-31/76ft Z-1A 23 4.0 8 - - 4.2 12 -

CPr-33/80ft Z-1A 24 5.8 8 - - 9.2 12 - - - -

W15-82/83ft Z-9 25 28.9 8 5.5 9 46.4 6 55.0 24 - -

CPr-21A/86ft Z-9 26 221 8 206 9 148 6 195 24 186 0

CPr-34/86ft Z-18 26 36.3 8 5.9 3 0 12 -- -

W15-95U/86ft Z-9 26 - - 15.3 9 39.4 6 42.8 21 - -

W1S-2I8SSTI Z-9 26 - - - - 0 3 - ---
86ft

CPr-28187 ft Z-9 27 280 8 230 9 203 6 224 24 225 0
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Table 6-1. Comparison of Maximum Carbon Tetrachloride Rebound Concentrations Monitored at the 200-PW-1
Soil Vapor Extraction Site, FY 1997 - FY 2001. (5 Pages)

November 1996 - October 1997 - July 1998 - J 1 - Ju 2 July 2001 -
July 1997 September 1998 September 1999 September 2001

(Wel or S Depth Mazimum Maxihum Maximum Maximum Maimnum

obe) (a) Mr Months Carbon C oMonths Months of Months Of Months of
Caroera RCirbod Curben Carbon CarbonTetrachloride Tetrachloride Tetrachloride Tetrachlorde Tetrachloride
(ppmV) (ppm,) (ppmv) (ppmv) (ppmv)

W18-165/
109 ft Z-A 33 - - - - - - - -

15217/ Z-9 35 797 8 630 9 561 6 442 24 --

CP-24/ u8 ft Z-9 36 44.6 8 37.7 9 37.3 6 352 - -

W15-220SST/ Z-9 36 21.9 8 - - 35.9 3 34.0 24 - -118 ft

W18-158L Z-1A 37 - - 143 3 492 12 284 18 163 3120 ft

Wl5219SST/ Z-9 40 298 8 - - 46.5 3 54.4 24 - --130 ft

130 ft Z-18 40 206 8 20.4 3 215 12 176 18 196 3

W112ft Z-1A40 288 8 86.3 3 177 12 214 18 306 3

W15-95IJ
144 ft 44

W15-219SST Z-9 47 59.6 8 - - 24.2 3 43.6 24 - -

W15-91J176ft Z-9 54 18.3 8 15.0 9 14.9 6 20.4 21 - -

W15-6J 182 ft Z9 55 22.6 8 17.8 9 1.3 6 - - -

W15-220SST/ Z-9 56 14.5 8 - - 13.4 3 14.5 24 - -185 ft IZ9I--0%
t'.)
LA
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Table 6-1. Comparison of Maximum Carbon Tetrachloride Rebound Concentrations Monitored at the 200-PW-1
Soil Vapor Extraction Site, FY 1997 - FY 2001. (5 Pages)

November 19% - October 1997 - July 199 - July 1999 J e July2001 -
July 19971 September 1998 September 1999 September 2001

(Well or S Depth Mannunn Mainms Mahnum Maximum Maximum
Nrob.) (in) Rebound Rebounld Reblound Mots Reboundi Mendun oothoCbb) Months of Months of months of Months of CManrb

Tetrachloride Tetrachlorde Tetradhodde Tetraclodde Tetradhloride Rebounda

(ppmv) (ppmv) (ppMv) (ppmv) (ppmV)
W18-7/197ft Z-1A 60 28.5 8 17.3 3 29.0 12 - --

W1S-121198ft Z-18 60 - - 3.8 3 18.5 12 - - -

WI8-6J208ft Z-1A 63 36.0 8 31.3 6 14.5 12 .. -

216-Z-18 and 216-Z-12 wells off fne October 1996-Apri 1998.
CPr-IA, CPr-9A, and possibly CFr-7A appeared to be beyond the SVE zonc of inflaence in October 1996 based - diffrential pressure (Rohay 1997).
CPr-9A. CPr-21A. and CIT-28 were beyond the SVE zoe of influence in May 1996 based on carbon tetachloride concenadins and airflow uoodefing based an measured vnmu (Rohay 1997).
. Based an location (216-Z-IAJ8fl2 or 216-Z-9) of monitoring point; speifc points my be beyond the SVE zone of infinmce during pardcilar opeating confgurations.
-- notmeaaured
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7.0 2001 CARBON TETRACHLORIDE CONCEPTUAL MODEL UPDATE

This section summarizes the current conceptual model as well as working hypotheses concerning
the source term, environmental setting, vadose zone and groundwater contaminant distribution,
and vadose zone and groundwater transport of carbon tetrachloride and associated contaminants
in the 200 West Area. Additional details are provided in Appendix H. The conceptual model of
the 200 West Area carbon tetrachloride plume has been continuously refined as additional site-
specific data have been collected and as the understanding of DNAPL behavior in the subsurface
has been developed by the scientific community. The conceptual model presented in this report
provides an update to the conceptual models presented in Rohay and Johnson (1991), Last and
Rohay (1991, 1993), Last et al. (1991), Rohay et al. (1994), and Swanson et al. (1999).

Carbon tetrachloride contamination is present in multiple phases and at varying concentrations
throughout the vadose zone and groundwater systems. Near the disposal sites, the soil vapor
concentrations are much higher and are found throughout the vadose zone; the highest
concentrations are associated with the Pho-Pleistocene layer. Farther away from the disposal
sites, vapor concentrations are much lower and are usually found at the capillary zone or
immediately beneath the Plio-Pleistocene layer. This implies that the farfield diffuse vapor
plume may be the result of aquifer outgassing. Based on these observations, carbon tetrachloride
contamination can be divided geographically into three main areas:

1. A higher concentration vadose zone plume at the three primary disposal facilities: 216-Z-9,
216-Z-1A, and 216-Z-18 (approximately 0.2 kin 2)

2. A higher concentration groundwater plume with the centroid located north-northwest of the
three primary disposal facilities (although, because of recent pump-and-treat remediation
efforts, the centroid is being displaced and the northern edge is moving toward the
groundwater extraction wells) (Appendix H, Figure H-6) (DOE-RL 2002b) (approximately
0.6 k= 2)

3. A geographically large dissolved and diffuse groundwater plume (<1,000 pg/L) and vapor
plume (approximately 11 k 2). The lateral extent of the vapor plume is not defined but,
based on volatilization from groundwater, could be at a minimum coincident with the
dissolved groundwater plume.

Possible transport mechanisms and distributions of contaminant phases for the high-
concentration zone of the plume, which may also contain DNAPLJresidual carbon tetrachloride,
are depicted in Figure 7-1. Because of the differences in the sizes of the three primary disposal
sites and the quantities of waste received at these disposal sites, one transport mechanism and
resulting contaminant distribution (e.g., vapor-phase and aqueous-phase migration to
groundwater) may be more appropriate for one or two disposal sites, and another transport
mechanism and contaminant klistribution (e.g., DNAPL, vapor-phase, and aqueous-phase
migration to groundwater) may be more appropriate for the other(s).

7-1
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7.1 CONTAMINANT INVENTORY

A total of 570,000 to 920,000 kg (average of approximately 750, kg) of carbon tetrachloride
were discharged to the soil column from 1955 through 1973 (Tab 12-1). Estimates of the
current distribution of the original inventory are based on histori Ninformation, equilibrium
partitioning calculations, site-specific characterization measurements, and remediation operating
data (Table 7-1).

7.2 ENVIRONMENTAL SETTING

The 66-m-thick vadose zone can be broadly divided into an upperl avel and sand interval
(Hanford formation) and a lower gravel and sand interval (Ringo ormation Unit E) separated
by a finer grained, carbonate-cemented Plio-Pleistocene unit 38 low land surface (7 m
thick). The Plio-Pleistocene unit appears to have been an accum 'ion area for carbon
tetrachloride. Disposed liquid wastes would have been impeded this unit during movement
through the vadose zone to the water table (Piepho 1996) and lat mng post-disposal drainage.
Other fine-grained zones in both the upper and lower gravel and a d intervals may also be
minor accumulation and spreading zones. Carbon tetrachloride be in nonequilibrium
sorption sites within intraparticle sediment pore spaces in these fine-grained units (Yonge et al.
1996).

Migration of fluids, both liquid and vapor, are influenced by the a
variability in these sediments. The surface of the Plio-Pleistocen
the south from the primary carbon tetrachloride disposal sites (Rol
character of the Plio-Pleistocene layer varies across the 200 West
cemented, more permeable areas and fractures that allow more rap

The groundwater system in the area of the disposal sites can be b
dominant hydrostratigraphic units: an upper, 66-m-thick unconfI
(Ringold Formation Unit E); a confining unit/aquitard (Ringold lo
aquifer (from the lower mud to the top of basalt bedrock). This s
however, when considered at a site-specific scale (tens of meters),
heterogeneities including lateral and vertical changes in grain size
cementation, and variably interbedded gravels, sands, silts and cla

kural stratification and
6nt generally slopes toward
iy et al. 1994). Areally, the
rea and includes locally less

4 fluid flow (Slate 1996).

idly divided into three
(water table) aquifer

er mud); and a confined
em is more complicated,

eccause of spatial
Ihanges in degree of
i. Hydrologic properties

within the same hydrostratigraphic unit vary spatially and directioially in the unconfined aquifer
(Thorne and Newcomer 1992).

7.3 CONTAMINANT DISTRIBUTION

Carbon tetrachloride in the subsurface can exist as a vapor phasej a dissolved aqueous phase,
as an adsorbed phase on solid matrices, and as a separate organic e (DNAPL). Carbon
tetrachloride as a DNAPL has never been observed directly in the ose zone or in groundwater
in the 200 West Area.

7-2
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7.3.1 Vadose Zone Concentrations

Carbon tetrachloride is found throughout the vadose zone within the 0.2-km 2 source area.
Laterally, the highest concentrations historically have been consistently located in the vicinity of
the 216-Z-9 Trench. Vertically, the highest concentrations are associated with the finer grained,
relatively less permeable units (e.g., the Plio-Pleistocene unit). The highest vapor and soil
concentrations measured before and after SVE operations are summarized in Table 7-2.

Higher vapor concentrations (>12,000 ppmv) of carbon tetrachloride measured prior to SVE
operations suggested the presence of DNAPIJresidual carbon tetrachloride in the vadose zone
(Appendix H). The 1997 rebound study and 1998, 1999, 2000, and 2001 monitoring results now
indicate that at most locations within the influence of the SVE systems, much of the readily
available carbon tetrachloride has been removed. The lower permeability Plio-Pleistocene layer
appears to be the most significant continuing source of carbon tetrachloride soil vapor (Rohay
1997).

In addition to the carbon tetrachloride contamination, plutonium and americium co-contaminants
are distributed within the upper 30 m of the vadose zone (Price et al. 1979). The transuranic
contamination at these sites may have been carried downward by a combination of acidic waste
liquids and organic-complexant mixtures..

7.3.2 Groundwater Concentrations

The zone of highest groundwater concentrations (-3,700 to -5,500 ptg/L) no longer includes the
216-Z-9 Trench, but has shifted in response to 200-ZP-1 pump-and-treat operations to the area of
the three northernmost extraction wells (299-W15-33, 299-W15-34, and 299-W15-35). This
suggests that carbon tetrachloride discharged to the 216-Z-9 Trench may no longer be providing
a continuous or significant source of contamination to the groundwater. The relatively low soil
vapor concentrations monitored deep within the vadose zone from 1997 through 2001 supports
this conclusion. Based on dissolved phase concentrations in the upper 10 m of the unconfined
aquifer in 1990, prior to pump-and-treat remediation, nearly 60% of the mass of carbon
tetrachloride was estimated to be contained within about 10% of the area of the plume (Rohay
and Johnson 1991).

Although the magnitude and extent of contamination in the deep unconfined aquifer and
confined aquifer are not well defined, recent data indicate that cotanmination is more extensive
then previously thought. Contamination has been detected throughout the unconfined aquifer at
the 216-Z-9 disposal site, west and north of Z Plant, near U Plant, and near T Plant (Appendix
H). Dissolved carbon tetrachloride has also been observed within the deeper confined aquifer
system at wells south and east of the 216-Z-9 disposal site and on the perimeter of the T-TY-TX
Tank Farms (Appendix H).

In addition to disposal at the Z cribs and trenches, carbon tetrachloride may also have been
disposed in the T Plant area and reached groundwater. Carbon tetrachloride concentrations in
the T Plant area exceed 1,000 pg/L (Hartman et al. 2002).

7-3
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If DNAPL is present in the groundwater, the most likely location uld be near the
216-Z-9 Trench. Numerical modeling of vadose zone flow and sport indicates that both
dissolved and nonaqueous-phase liquid carbon tetrachloride mi through the vadose zone
and reached the unconfined aquifer below the 216-Z-9 Trench (Piepho 1996).

7.4 CONTAMINANT TRANSPORT

7.4.1 Vadose Zone

Contaminated vapors can move downward and laterally by molec r diffusion and by advective
flow. Vapors will diffuse along a chemical gradient from high-c tration areas to low-
concentration areas in any direction (including upgradlent with re to the groundwater flow
direction). The presence of a relatively low-permeability zone, sul as a building foundation or
soil horizon, can also enhance the lateral extent of diffusion. This ight be significant in the
soils underlying the Plio-Pleistocene layer or in the area of Z Plant where surface facilities could
act as a barrier and promote lateral expansion of the vapor plume.

The density of soil vapor contaminated with carbon tetrachloride eater than uncontaminated
soil vapor. This contrast in densities can result in density-driven ective flow of vapors in the
vadose zone. Within the vadose zone, carbon tetrachloride vapor y also flow in any direction
along pressure gradients caused by barometric pressure fluctuati Atmospheric pressure
fluctuations appear to constitute a significant release mechanism f carbon tetrachloride vapor
out of the vadose zone both through the soil surface and through btteholes (Table 7-1).

As nonaqueous-phase liquid carbon tetrachloride moves down t gh the soil column, some of
the DNAPL will become discontinuous and will be held in the so ores as residual
contamination. Numerical modeling of vadose zone flow and rt indicates that 66% to
90% of the carbon tetrachloride discharged to the 216-Z-9 site w Jtained in the vadose zone
(Piepho 1996). It should be noted, however, that DNAPL characto stically moves nonuniformly
downward through the vadose zone (Cohen et al. 1993). The num tical modeling, therefore,
may have overestimated the volume retained in the vadose zone.

Boreholes are also potential preferential pathways for movemento carbon tetrachloride vapor
and liquid (both dissolved and DNAPL liquids and vapor). Most oles in the 200 West Area
am capped but unsealed at the surface and therefore have the pote al to draw carbon
tetrachloride vapors horizontally along barometrically induced p ure gradients from the
source area toward their open intervals. In addition, because most West Area boreholes
have no annular seal, the potential for vapor communication and transport of liquid also exists
along the outside of the casing.

The presence of locally saturated or near-saturated vadose zone ts underlying other
aqueous waste disposal sites can inhibit the lateral extent of diffus . The movement of vapor-
phase contamination or DNAPL would be away from the hydraulic arrier.

ILI
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As aqueous liquids from natural recharge or from artificial discharge to nearby disposal facilities
migrate downward through the vadose zone, they may dissolve and transport carbon
tetrachloride vapor and/or residual liquid phases.

The carbon tetrachloride was not discharged as a pure liquid but as a mixture with other organics
(tributyl phosphate [TBP], dibutyl butyl phosphonate [DBBP], and lard oil). The organic
composites (even the carbon tetrachloride:lard oil mixture) were found to be denser and more
viscous than water (Last and Rohay 1993). Vapor pressures of the carbon tetrachloride:DBBP
and carbon tetrachloride:lard oil mixtures are only half that of the pure carbon tetrachloride and
the carbon tetrachloride:TBP mixture. The interfacial tension between the 50:50 carbon
tetrachloride:lard oil mixture and a 5 M sodium nitrate solution was found to be low, suggesting
that the fluids may be somewhat miscible, allowing them to mix and behave more as an aqueous
fluid (Last and Rohay 1993, Appendix H).

7.4.2 Capillary Fringe

The capillary fringe forms the interface between the vadose and groundwater zones. Carbon
tetrachloride in an aqueous or DNAPL phase can migrate through the capillary fringe. The
primary mechanisms for aqueous contaminant migration through the capillary fringe are
diffusion and dispersion, advection due to infiltrating water, and water-table fluctuations
(Pankow and Cherry 1996). These processes of aqueous phase transport would produce a
shallow plume in the aquifer (Pankow and Cherry 1996). Once present in the groundwater,
carbon tetrachloride might move deeper into the aquifer because of a continuing downward
hydraulic gradient created by past surface liquid discharges. However, the downward gradient is
becoming less significant as a result of pump-and-treat operations. Transport and partitioning of
carbon tetrachloride vapor between the vadose zone and groundwater may contribute to the large
"low concentration halo" surrounding the high-concentration core of the groundwater plume
(Appendix H).

Lateral spreading of DNAPL may occur at the capillary fringe until sufficient hydraulic head
builds up to displace water and allow the organic liquid to move into the groundwater (Pankow
and Cherry 1996). Residual DNAPL would remain at this interface even after the main body of
DNAPL contamination moved through. Water-level fluctuations at this interface could increase
or decrease the amount of contamination dissolving from the residual mass. A relatively high
water table occurred from 1965 to 1984 and may have resulted in carbon tetrachloride dissolving
from any residual mass into the groundwater (Appendix H). The water table is now declining at
a rate of about 0.40 ni/yr in the area of the disposal sites, extending the depth of the vadose zone
vapor plume (DOE-RL 2002b). DNAPL has not been detected at the capillary fringe, but high
soil vapor concentrations were detected at this depth at the 216-Z-9 site prior to SVE remediation
(Table 7-2). The declining water table and the relatively low soil vapor concentrations detected
near the water table following SVE remediation suggest that significant residual DNAPL is not
now present at the capillary fringe.
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7.4.3 Groundwater Hydraulics

The hydraulic flow field during and after carbon tetrachloride wastp disposal was characterized
by an increase in the water table elevation by 2 m (1965 to 1977). After discharges to the
U Pond were discontinued in 1984, the water table began declining in the area of the disposal
sites.

The U Pond produced a groundwater mound in the area of the diseal sites, creating a radial
flow pattern in this area. Formerly, the flow direction was from wft to east (Zimmerman et al.
1986, Newcomer 1990). This radial (up- or cross-gradient) flow d'tion probably pushed the
high-concentration portion of the groundwater plume to the north 'thwest. However, several
hypotheses might account for the location of the plume center (cennioid) to the northwest of the
known disposal sites, including the following:

" Mounding of groundwater locally in the region of the carbon tetrachloride disposal sites, with
a significant northwest trending hydraulic gradient.

" A continuous fine-grained stratigraphic unit dipping to the n st that could have laterally
diverted disposed liquids in this direction. The primary unit n tally affecting horizontal
contaminant movement would be the Plio-Pleistocene unit, but s unit is thought to dip to
the south in the area of the disposal sites based on regidnal gic information. However,
recent surface geophysics work suggests that DNAPL dischar to the 216-Z-9 Trench
would flow to the north and northeast (Temples et al. 2001). latest information supports
the idea that carbon tetrachloride may have moved to the north4 the 216-Z-9 Trench.

* Other undocumented sources of carbon tetrachloride from soil c olumn disposal near the
centroid.

* A vertical hydraulic barrier in the vadose zone from wastewaterqdisposal at other facilities
(e.g., the 216-Z-20 Trench) to the south, driving contaminant migration locally to the north
and west.

It should also be noted that limited vadose zone data or groundwate data are available beneath
the large area that the Z Plant surface facilities cover. Because of tk$1s, the plume center may not
be positioned as far northwest of the 216-Z-9 Trench as previously ihought. Plume contouring
may be biased toward the higher well density to the northwest.

74.4 Groundwater

Numerical modeling of carbon tetrachloridje flow and transport in vadose zone indicates that
the depth of penetration of carbon tetrachloride (dissolved and non 4ueous liquid phases) into
the aquifer primarily depends on the residual saturation in the vadoi zone (Piepho 1996).
Dissolved groundwater contamination may have reached 50 m bel# the water table and
nonaqueous-phase liquid carbon tetrachloride about 25 m below the water table based on this
modeling study.

7-6
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 200
June 2002



BHI-00720

2001 Carbon Tetrachloride Caseptual Model Update Rev. 6

Preliminary sitewide numerical modelig of carbon tetrachloride transport indicates that under
nonretarded flow conditions contamination in excess of 5 ±g/L will move significantly past the

200 East Area perimeter in 200 years (Chiaramonte at al. 1997). However, if a small retardation
factor is included in the analysis, the movement of carbon tetrachloride will be significantly
slowed. The extent of contamination isvery sensitive to the carbon tetrachloride partitioning
coefficient between the aquifer sediments and groundwater. However, values for the partitioning
coefficient on Hanford Site sediments we not well defined. Other important factors that this
modeling effort did not take into account were biodegradation, abiotic degradation, and
volatilization of carbon tetrachloride during transport. These factors may reduce the extent of
contamination over any comparable period of time.

The higher concentration portion of the carbon tetrachloride plume for FY 2001 (Figure H-6) has
a similar shape as the FY 2000 plume, but the overall concentration distribution has changed.
High concentrations of carbon tetrachloride present beneath the PFP complex are being drawn
toward the extraction wells. In the area of the injection wells, concentrations continue to decline
from the injection of treated groundwater into the aquifer, and as hydraulic mounding drives
groundwater toward the extraction wells. The high-concentration area of the plume appears to
be shrinking in size, evidenced by decreasing concentrations in monitoring and extraction wells,
the smaller area of the 4,000 pg/L contour intervals, and decreasing concentrations in the
200-ZP-1 influent tank from 4,041 pg/L in FY 2000 to 3,600 ig/L in FY 2001. In addition, the
groundwater data no longer support a 6,000 pg/L contour (DOE-RL 2002b).

7.5 DATA GAPS

The nature and extent of the carbon tetrachloride plume have been partially defined, but several
key data gaps currently exist. The data gaps are identified in this report to help describe some
uncertainties in the existing database being used to formulate the conceptual model.

1. The nature and magnitude of the exchange of carbon tetrachloride between the vadose zone
and groundwater needs to be investigated. This information will be required in the future to
address the interdependency of the vadose zone-groundwater system in achieving
remediation of the 200 West Area subsurface carbon tetrachloride contamination. The study,
including field measurements near the groundwater-vadose zone interface, should be
undertaken to quantify the volatilization process.

2. The lateral extent of the carbon tetrachloride plume in the vadose zone and vertical extent of
the carbon tetrachloride plume in the groundwater need to be better defined. These data
would help define the extent of the contamination and therefore the expected magnitude of
the remediation efforts.

3. The location, amount, and properties of DNAPL carbon tetrachloride within the subsurface
need to be quantified. This information would help focus and define the remediation needs.
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4. The residual saturation of carbon tetrachloride (i.e., the carbonpetrachloride held in vadose
zone sediments that is no longer mobile except through partiti ng to porewater that is still
migrating) needs to be quantified. This information would h account for inventory
between the vadose and groundwater zones, help refine the es' of flux from the vadose
zone to the groundwater, and help refine the numerical modeli estimates of the depth of
carbon tetrachloride in the aquifer. Because SVE operations 14e modified the distribution
of subsurface carbon tetrachloride and possibly soil moisture I neath the disposal sites, part
of this task would be identification of suitable locations for data collection and
measurements.

5. Data are needed to determine the extent of the nonequilibrium sorption in the vadose zone
and groundwater. This information would help account for the inventory and help define
remediation needs.

6. The partitioning coefficient (Kd) for carbon tetrachloride on site sediments and its variation
across the site needs to be quantified. This information would help refine the predictions of
carbon tetrachloride transport rates using numerical models.

7. The interaction between carbon tetrachloride and calcium carbogiate needs to be quantified.
This information would help determine carbon tetrachloride transport rmechanisms and rates
through the Plio-Pleistocene unit.

8. The abiotic half-life of carbon tetrachloride under site conditioqp needs to be quantified. The
potential degradation of carbon tetrachloride may contribute to iiatural attenuation of the
plume and could be a significant term in the assessment of the carbon tetrachloride mass
balance.

9. The inventory mass balance should be reevaluated based on n4e recent studies and data
from current remedial actions in the groundwater and the vadosp zone. The existing
evaluation of the mass balance was based on 1990 groundwate lume data for the upper
10 m of the aquifer and limited soil vapor data. This information would help define the
source term.

10. The hydraulic flow fields during and after the carbon tetrachl disposal should be
reevaluated to determine if the distribution of the relatively hi concentrations of carbon
tetrachloride to the northwest, the low-concentration lobes of c tetrachloride to the
south, and the concentrations of carbon tetrachloride near T Plat are reasonable based on the
hydraulics alone. Results of this evaluation potentially may identify other contributing
carbon tetrachloride disposal areas.

Performance EvaL Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
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11. A systematic study of the carbon tetrachloride/chloroform relationship in both the vadose
zone and groundwater should be conducted using existing data. Understanding the cause and
significance of the variation in the ratio of carbon tetrachloride to chloroform could
potentially yield insights on contaminant source, inventory, distribution, and persistence of
the chloroform plume. This study could be extended to include the full carbon tetrachloride
degradation chain to support evaluation of natural attenuation.

12. A predictive modeling effort needs to be performed that considers the fate and transport of
carbon tetrachloride over the next several hundred years. Such a model is needed to account
for all of the significant factors that affect the migration and concentration of carbon
tetrachloride and ultimately will be needed to support final remediation decisions.

13. Numerical modeling of carbon tetrachlogide migration in the vadose zone is needed that
incorporates the effects of three-dimemsional stratigraphy and heterogeneities, multi-phase
flow, and co-contaminants. This model could help guide characterization and remediation
efforts in vadose zone and groundwater and support selection of remedial alternatives.
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Figure 7-1. Schematic Ihautration of Carbon Tetrachloride 4d Wastewater Migration
Beneath the 216-Z-9 'rench In the Higher Concentration Portion of the Plume.
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Table 7-1. Disposition of Carbon Tetrachloride Inventory Discharged
to the Soil Column.

Percent Of
stimated 11 i Estimated Mass of

Carbon Tracride Reference
Dispouition Techide TetrachlorideRernc

Inventory Te k rg)
(Average

750,000 kg)
Estimated using pre-remediation data

Equilibrium partitioning within
vadose zone into vapor, dissolved, 12 91,000 WHC 1993
and adsorbed phases

Lost to atmosphere 21 159.000 WHC 1993

Biodegraded 1 8,000 (4385 for Z-9 Hooker eta 1996
_______ _______ ______ ____ __ _______ ______only) _ _ _ _ _ _ _ _ _ _

Dissolved in upper 10 m of
unconfined aquifer (assuming 30% 1-2 5,250- 15,740 Rohay and Johnson 1991
porosity and no partitioning to
aquifer solids)

DNAPUresidual in vadose and/or
unconfined aquifer 65 494,000 W*_HC 1993

Measured using remedlation data

Removed from vadose zone using
soil vapor extraction (FY 1991- 10 77,150 Table 4-1
EY 2001)

Removed from unconfined aquifer
using pump and treat (200-ZP-1 0.8 5,820 DOE-RL 2002b
and 200-UP-1 operations)
(FY 1994-FY 2001) 1
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Table 7-2. Carbon Tetrachloride Concentrations Measured in the Vadose Zone.

Maximan
Locationflype Faclity Geologic Unit Year CarbonTetrachloride

Concentration

Shallow soil vapor All three sites Near surface 1991 72 ppmv
survey

Wellheada/deep soil 216-Z-9 Above PP 1991-93 >10,000 ppmv
vapor probes (estimated)

Wellheads/deep soil 216-Z-IA/Z-18 Above PP 1991-93 1,000 ppmv
vapor probes

Wellbeads All three sites Below PP 1991-93 1,000 ppmv

Sediment samples 216-Z-9 PP 1992-93 37.8 ppm

Sediment samples 216-Z-1AiZ-18 PP 1992-93 6.6 ppm

In situ soil vapor 216-Z-9 PP 1993 21,000 ppmv

In situ soil vapor 216-Z-9 Capillary fringe 1993 10,000 ppmv

In situ soil vapor 216-Z-1A/Z-18 PP 1993 1,400 ppmv

SVE inlet 216-Z-9 Above PP 1993 30.000 ppmv

SVE inlet 216-Z-1AJZ-18 Above PP 1992 1,50Wppmv

Wellheads/deep soil 216-Z-9 Above PP 1997 797 ppmv
vapor probes -

Wellheads/deep soil 216-Z-1A Above PP 1997 573 ppmv
vapor probes

Wellheads 216-Z-9 Below PP 1997 298 ppmv

Wellheads 216-Z-XA Below PP 1997 94 ppmv

PP = Phlo-Pleistocene
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8.0 CONCLUSIONS

Operation of SVE between 1991 and 2001 has removed 77,154 kg of carbon tetrachloride
(approximately 10% of the estimated original inventory) from the vadose zone underlying the
primary carbon tetrachloride disposal sites. This mass removal has contributed to achieving the
ERA objective of mitigating the threat to site workers, public health, and the environment caused
by the migration of carbon tetrachloride vapors through the soil column and into the
groundwater. Monitoring data indicate that, in the area of the disposal sites, the expected
direction of the chemical gradient between the vadose and groundwater zones has been reversed
since SVE operations began; the expected direction of carbon tetrachloride migration is currently
from the groundwater to the vadose zone. However, monitoring data near the vadose zone-
groundwater interface are sparse.

Although SVE is being used successfully to reduce the mass of carbon tetrachloride in the soil
column, the ERA was implemented as an interim action pending the final cleanup activities
associated with the 200-PW-1 Operable Unit. The final cleanup activities will be determined as
part of the CERCLA remedial investigation/feasibility study process for the 200-PW-1 Operable
Unit. The remedial investigation of the carbon tetrachloride vadose zone plume was initiated in
FY 2002 (DOE-RL 2002a).
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9.0 RECOMMENDATIONS

9.1 STATUS OF FISCAL YEAR 1997 RECOMMENDATIONS FOR
FISCAL YEAR 1998

The status of recommendations regarding future SVE operations that were based on the FY 1997
rebound study, operating experience, and data evaluation (Rohay 1997) is as follows:

1. FY 1997 Recommendation: Implement cyclic operations of the SVE systems using a
minimum of 4 to 8 weeks of operation followed by 8 to 16 weeks of rebound to optimize the
carbon tetrachloride mass removal efficiency (in terms of mass of carbon tetrachloride
removed per volume of soil vapor extracted).

Status: At the conclusion of the rebound study, the three SVE systems were operated for
11 weeks (July 1997-September 1997). During FY 1998, one SVE system was operated for
12 weeks (April 1998-June 1998) at the 216-Z-IA/Z-18/Z-12 site following 26 weeks of
rebound (October 1997-March 1998), and then operated for 12 weeks (July 1998-September
1998) at the 216-Z-9 site following 39 weeks of rebound (October 1997-June 1998).

2. FY 1997 Recommendation: Implement carbon tetrachloride vapor monitoring during future
periods of nonoperation of the SVE systems to confirm that groundwater quality and
atmospheric emissions are not being negatively impacted.

Status: Carbon tetrachloride vapor monitoring was conducted at both the 216-Z-1A/Z-18/
Z-12 site and the 216-Z-9 site from October 1997 through March 1998 during the 26 weeks
of nonoperstion of the SVE system. While the SVE system was operated at 216-Z-1A/Z-18/
Z-12 from April 1998 through June 1998, vapor monitoring was focused at 216-Z-9, and
while the SVE system was operated at 216-Z-9 from July 1998 through September 1998,
vapor monitoring was focused at 216-Z-1A/Z-18/Z-12. Based on the available monitoring,
nonoperation of the SVE system appears to have caused no additional degradation of
groundwater quality and minimal detectable vertical transport of carbon tetrachloride through
the soil surface to atmosphere.

3. FY 1997 Recommendation: Repeat the measurement of carbon tetrachloride rebound in the
first 4 to 8 weeks following SVE operations at 216-Z-1A planned from April through June
1998 and following SVE operations at 216-Z-9 planned from July through September 1998.

Status: The first carbon tetrachloride rebound measurements were made at the 216-Z-lA
site 6.5 weeks (August 1998) after SVE operations ceased at that site (June 1998). The first
carbon tetrachloide rebound measurements were made at the 216-Z-9 site 5 weeks
(November 1998) after SVE operations ceased at that site (September 1998). Rebound
measurements were continued monthly at both sites.
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4. FY 1997 Recommendation: Consider implementation of passive SVE, also known as
barometric pumping, as an alternative to active SVE operations.

Status: Passive SVE systems were installed on eight wells during FY 1999. The passive
SVE systems began operation in FY 2000.

5. FY 1997 Recommendation: Update the carbon tetrachloIde 4te conceptual model,
including the estimate of the current distribution of the originl 4carbon tetrachloride
inventory and the nature and magnitude of the exchange of carbon tetrachloride between the
vadose zone and groundwater.

Status: Plans to update the carbon tetrachloride site conceptui model were included in the
detailed planning for FY 1998. The 1998 update to the site c eptual model was included
in Revision 3 of this performance evaluation report; the 1999 4pdate was included in
Revision 4 of the report; the 2000 update was included in Rev$ of the report; and the 2001
update is included in this revision of the report. The Universi !of Washington is evaluating
the estimate of the current distribution of the original carbon t4,achloride inventory. Results
are anticipated in 2002. Investigation of the exchange of carb4 tetrachloride between the
vadose zone and groundwater was not implemented in FY 1998 and was carried forward as a
FY 1998 recommendation in this report (Section 9.2).

9.2 STATUS OF FISCAL YEAR 1998 RECOMMENDATIONS FOR
FISCAL YEAR 1999

1. FY 1998 Recommendation: Investigate the nature and ma do of the exchange of
carbon tetrachloride between the vadose zone and growidw This iaformation will be
required in the future to address the interdependency of the v s zone-groundwater system
in achieving remediation of the 200 West Area subsurface carbon tetrachloride
contamination.

Status: A study to specifically investigate the exchange of carbon tetrachloride between the
vadose zone and groundwater did not occur in FY 1999.

2. FY 1998 Recommendation: Continue cyclic SVE operations. However, consider one or
more of the following modifications:

a. In FY 1999, return the 14.2-m3/min SVE system to a positi closer to the 216-Z-1A Tile
Field, where carbon tetrachloride concentrations amc highe4to improve extraction
efficiency from that site by allowing more wells to be on 114* simultaneously. From its
position in FY 1998 at the 216-Z-18 Crib, the 14.2-m 3/min VE system could not extract
from all 216-Z-1AIZ-18/Z-12 wells simultaneously.

b. Extend the length of the operating period at the 216-Z-1A/Z-18/Z-12 site to allow
additional time to cycle between sets of wells.
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Status: Cyclic SVE operations were continued during FY 1999. One SVE system operated
for 12 weeks (April through June 1999) at the 216-Z-9 site following 26 weeks of rebound
(October 1998 through March 1999) and then operated for 12 weeks (July through
September 1999) at the 216-Z-1AIZ-18/Z-12 site following 52 weeks of rebound (July 1998
through June 1999). The modifications recommended in FY 1998 were not implemented
during FY 1999.

3. FY 1998 Recommendation: Continue carbon tetrachloride vapor monitoring during future
periods of nonoperation of the SVE systems to confirm that groundwater quality is not being
negatively impacted. Consider discontinuing the near-surface (1.5-m depth) monitoring for
atmospheric emissions based on sporadic and low concentrations detected in FY 1997 and
FY 1998.

Status: Carbon tetrachloride vapor monitoring was conducted at both the 216-Z-1A/
Z-18/Z-12 site and the 216-Z-9 site from October 1998 through March 1999 during the
26 weeks of nonoperation of the SVB system. While the SVE system was operated at
216-Z-9 from April through June 1999, vapor monitoring was focused at 216-Z-1A/Z-18/
Z-12, and while the SVE system was operated at 216-Z-1A/Z-18/Z-12 from July through
September 1999, vapor monitoring was focused at 216-Z-9. Based on the available
monitoring, nonoperation of the SVE system appears to have caused no additional
degradation of groundwater quality and minimal detectable vertical transport of carbon
tetrachloride through the soil surface to atmosphere. The near-surface monitoring was
discontinued, as recommended, in FY 2000.

4. FY 1998 Recommendation: Repeat the measurement of carbon tetrachloride rebound in the
first 4 to 8 weeks following SVE operations at 216-Z-9 planned from April through June
1999 and following SVE operations at 216-Z-1A planned from July through September
1999.

Status: The first carbon tetrachloride rebound measurements were made at the 216-Z-9 site
4.5 weeks (July 1999) after SVE operations ceased at that site (June 1999). The first carbon
tetrachloride rebound measurements were made at the 216-Z-1A site 4 weeks (October 1999)
after SVE operations ceased at that site (September 1999). Rebound measurements were
continued monthly at both sites.

5. FY 1998 Recommendation: Consider application of one or more innovative technologies to
significantly enhance characterization and/or remediation of carbon tetrachloride in the
vadose zone and/or groundwater. An Innovative Treatment Remediation Demonstration
program, funded by the DOE Office of Environmental Restoration, has been implemented
to evaluate appropriate technologies to address the Hanford Site 200 Area carbon
tetrachloride plume. Treatability testing of the characterization and/or remediation
technology recommended by the Innovative Treatment Remediation Demonstration
program is scheduled to begin in January 2000 and implementation is scheduled for
September 2000.
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Status: During FY 1999, the Innovative Treatment Reqnedia Demonstration program
focused on the need for additional characterization and reco ded conducting a
Partitioning Interwell Tracer Test under the Z16-Z-9 site to evto the presence of DNAPL
(i.e., carbon tetrachloride as a separate organic phase) in the v and groundwater zones.
Possible test configurations and cost estimates were evaluated ing FY 1999 and FY 2000.
Because of other priorities, this recommendation was not adopted by the project.

93 STATUS OF FISCAL YEAR 1999 RECOMMENDATIONS FOR
FISCAL YEAR 2000 AND FISCAL YEAR 2001

1. FY 1999 Recommendation: Continue cyclic SVE operations using the 14.2-m 3/min SVE
system to remove carbon tetrachloride mass.

Comparison of the mass of carbon tetrachloride removed durin yclic operations to the mass
projected to be removed during continuous operations indicate Iat greater mass removal is
achieved using continuous operations. However, waste 'znmptson is achieved using
cyclic operations in which the SVE system is operated dwuing , months. In addition,
available soil vapor monitoring indicates that nonoperation of t SVE system for 6 to 12
months does not appear to have a negative impact on groundwater quality.

Consider one or more of the following modifications to cyclic $WE operations:

a. During extraction from the 216-Z-1A/Z-18/Z-12 wellfield, ve the 14.2-m 3/min SVE
system to a position closer to the 216-Z-1A Tile Red, wh$ carbon tetrachloride
concentrations are higher, to improve extraction efficiency, 4m that site by allowing
more wells to be on line simultaneously. From its position F KY 1998 and FY 1999 at
the 216-Z-18 Crib, the 14.2-m3/min SVE system could not extract from all 216-Z-1A/
Z-18/Z-12 wells simultaneously.

b. Move the SVE system between the 216-Z-9 and 216-Z-1A'18/Z-12 wellfields after 4 to
8 weeks of operation, or when concentrations return to an asymptotic decline.

c. Use the SVE system to apply a vacuum at wells open below (or above) the Plio-
Pleistocene unit and monitor pressures at wells open above r below) the Pio-
Pleistocene unit. The pressure response in the monitorng Us can be used to help
evaluate the continuity and relative permeability of the Pliojtleistocene unit. This
evaluation, in turn, supports understanding of vertical pathways for contaminant
migration and remediation strategies using SVE.

Status: Soil vapor extraction using the 14.2-m 3/min SVE system was not conducted during
FY 2000. The suggested modifications were carried forward.
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2. FY 1999 Recommendation: Continue operation of the eight passive SVE systems to obtain
a long-term record of performance.

Passive SVE systems were installed on eight wells in the 216-Z-1A/Z-18 area in FY 1999
and began operation in FY 2000. These eight wells were selected because they are open
below the Plio-Pleistocene unit. Differential pressures between the subsurface and surface
drive passive venting ("barometric pumping") and are higher below the Plio-Pleistocene unit
than above it (Section 3.0).

Consider the following modifications to operation of the passive SVE systems:

a. Use virgin GAC rather than regenerated GAC in the passive systems. Analytical results
of passive SVE GAC cartridge samples indicate that the regenerated GAC placed in the
cartridges contains carbon tetrachloride.

b. Reconfigure the passive systems to be vertical or to drop water out of the hoses (e.g.,
through a series of baffles). During the winter months, water condensed from the venting
soil vapor into the hoses and onto the GAC in the cartridges, potentially interfering with
operation of the systems.

Status: The eight passive SVE systems were operated during FY 2000. Modifications to the
systems were not made during FY 2000. The recommended changes were carried forward.

3. FY 1999 Recommendation: Consider further implementation of passive SVE systems as
the rate of carbon tetrachloride delivery to the high flow zones becomes diffusion-limited.
Very few additional wells are available below the Plio-Pleistocene unit in the active SVE
wellfields. The differential pressure in wells open above the Plio-Pleistocene will be lower
but should still be sufficient to drive barometric pumping. In addition, impermeable surface
barriers that artificially increase the differential pressure in the zone between the surface and
the Plio-Pleistocene layer can be considered in implementation of passive systems on
shallower wells.

Status: Additional passive SVE systems were not installed in FY 2000. The
recommendations were carried forward.

4. FY 1999 Recommendation: Repeat the measurement of carbon tetrachloride rebound in the
first 4 to 8 weeks following SVE operations. Consider monitoring selected wells (e.g.,
299-W15-217, 299-W18-158L) more frequently to confirm the rate of concentration rebound
immediately following cessation of SVE operations. During the rebound study in 1997, the
initial rapid increase appeared to take place during the first 6 to 8 weeks of rebound
(Rohay 1997).

Status: SVE operations were not conducted during FY 2000.

9-5
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
June 2002



BHI-00720
Recommendations Rev. 6

5. FY 1999 Recommendation: Continue carbon tetrachloride v4or monitoring during future
periods of nonoperation of the SVE systems to confirm that groundwater quality is not being
negatively impacted.

Status: Carbon tetrachloride vapor monitoring was conducteot both the 216-Z-1A/
Z-18/Z-12 site and the 216-Z-9 site from October 1999 throulo September 2000 during
nonoperation of the SVE system. Based on the available moring, nonoperation of the
SVE system appears to have caused no additional degradation groundwater quality and
minimal detectable vertical transport of carbon tetrachloride through the soil surface to
atmosphere.

94 STATUS OF FISCAL YEAR 2000 RECOMMENDATIONS FOR
FISCAL YEAR 2001 AND FISCAL YEAR 2002

1. FY 2000 Recommendation: Resume cyclic SVE operations using the 14.2-m3/min SVE
system to remove carbon tetrachloride mass.

Consider one or more of the modifications to cyclic SVE operat ions recommended in
FY 1999 (Section 9.3, Recommendation 1).

Status: Cyclic SVE operations were conducted during FY . One SVE operated for
15 weeks (April through July 2001) at the 216-Z-1A/Z-18/Z-i site following 78 weeks of
rebound (October 1999 through March 2001) and then operat for 10 weeks (July 2001
through September 2001) at the 216-Z-9 site following 104 w of rebound (July 1999
through June 2001). During extraction from the 216-Z-1A/Z- 12 weilfield, the SVE
system was moved to a position closer to the 216-Z-IA tile field, as recommended in
FY 1999 (Section 9.3, Recommendation 1).

2. FY 2000 Recommendation: Continue operation of the eight passive SVE systems to obtain
a long-term record of performance.

Consider one or more of the modifications to operation of the phssive SVE systems
recommended in FY 1999 (Section 9.3, Recommendation 2). Also, consider the following
new recommendations:

a. Use longer GAC cartridges, or two in series, to test whether the current GAC cartridges
are becoming saturated prior to being sampled for analysis.

b. Obtain backup power supplies for the dataloggers to prevent data loss during power
outages.

c. Move the wellhead instrumentation to different wells each quarter to obtain hourly flow
and concentrations at each well by the end of the year.
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d. Discontinue the differential pressure monitoring above the Plio-Pleistocene layer at the
CPT-F soil vapor probes. Additional data are not needed to characterize this location.

e. Discontinue the differential pressure monitoring at the control well, 299-W18-9. This
well could be used for passive SVE.

f. Evaluate each passive SVE system for minor leaks and replace component parts (e.g.,
hoses) as needed.

Status: The eight passive SVE systems were operated during FY 2001.

3. FY 2000 Recommendation: Consider further implementation of passive SVE systems on
wells open below or above the Plio-Pleistocene unit in the active SVE wellfields. Wells open
below the Plo-Pleistocene are available in the 216-Z-9 weilfield. The differential pressure
data recorded above the Plio-Pleistocene unit during FY 1996 testing and during FY 2000
implementation indicate that although the driving force will be lower in wells open above the
Plio-Pleistocene (compared to wells open below the Phio-Pleistocene), the differential
pressure should be sufficient to drive barometric pumping (Section 9.3, Recommendation 3).

Status: Additional passive SVE systems were not installed in FY 2001.

4. FY 2000 Recommendation: Repeat the measurement of carbon tetrachloride rebound in the
first 4 to 8 weeks following SVE operations.

Status: The first carbon tetrachloride rebound measurements were made at the
216-Z-1AJZ-18IZ12 site two weeks (July 2001) after SVE operations ceased at that site
(July 2001). The first carbon tetrachloride rebound measurements were made at the 216-Z-9
site five weeks (November 2001) after SVE operations ceased at that site (September 2001).
Rebound measurements were continued monthly at both sites.

5. FY 2000 Recommendation: Continue carbon tetrachloride vapor monitoring during future
periods of nonoperation of the SVE systems to confirm that groundwater quality is not being
negatively impacted.

Status: Carbon tetrachloride vapor monitoring was conducted at the 216Z-1AIZ-18/Z-12
and the 216-Z-9 sites from October 2000 through September 2001 during periods of
nonoperation of the SVE system. Based on the available monitoring nonoperation of the
SVE system appears to have caused no additional degradation of groundwater quality and
minimal detectable vertical transport of carbon tetrachloride through the soil surface to
atmosphere.

6. FY 2000 Recommendation: Inventory the network of shallow soil vapor probes and CPT-
emplaced soil vapor probes and rods. Consider decommissioning those probes/rods no
longer needed to support SVE operations or field characterization activities for the 200-PW-1
Operable Unit.
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Status: An inventory of the vapor probe network was not conducted during FY 2001.

9.5 FISCAL YEAR 2001 RECOMMENDATIONS FOR FISCAL YEAR 2002

1. Resume cyclic SVE operations using the 14.2-m 3/min SVE system to remove carbon
tetrachloride mass.

Consider moving the SVE system between the 216-Z-9 and 210-Z-1A/Z-18/Z-12 welfields
after 4 to 8 weeks of operation, or when concentrations return to an asymptotic decline
(Section 9.3, Recommendation 1).

2. Continue operation of the eight passive SVE systems.

Consider one or more of the following modifications to operation of the passive SVE
systems:

a. Reconfigure the passive systems to be vertical or to drop w#r out of the hoses (e.g.,
through a series of baffles). During the winter months, wat condensed from the venting
soil vapor into the hoses, potentially interfering with operation of the systems
(Section 9.3, Recommendation 2).

b. Discontinue sampling using in-line, replaceable cartridges a GAC. These sample results
were found to be unrepresentative of the mass extracted through each well (Section 5.7).

c. Discontinue automated hourly measurements of flow rate aid carbon tetrachloride vapor
concentrations at individual wells using the instrunientati stalled in FY 1999.
Conduct future automated monitoring of flow rate and carb tetrachloride vapor
concentrations at individual wells using an instrumnntatiowijackage that can be moved
from well to well relatively easily. Move the wellhead instirmentation to different wells
each quarter to obtain hourly flow and concentrations at each well by the end of the year
(Section 9.4, Recommendation 2).

d. Monitor passive extraction wells monthly using the samplie method used for the
nonoperational wells. Monitor the vapor conceatration both upstream and downstream of
the GAC canister. The measured vapor concentrations can ile used to estimate the
amount of carbon tetrachloride extracted through each well during the month
(Section 5.7.1.2).

e. Discontinue the differential pressure monitoring above the Iio-Pleistocene layer at the
C71-F soil vapor probes. Additional data are not needed to characterize this location
(Section 9.4, Recommendation 2).

f. Discontinue the differential pressure monitoring at the contil well, 299-W18-9. This
well could be used for passive SVE (Section 9.4, Recomme tation 2).
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g. Evaluate each passive SVE system for minor leaks and replace component parts (e.g.,
hoses) as needed (Section 9.4, Recommendation 2).

3. Consider further implementation of passive SVE systems on wells open below or above the
Plio-Pleistocene unit in the active SVE welfields. Wells open below the Plio-Pleistocene are
available in the 216-Z-9 wellfield. The differential pressure data recorded above the
Plio-Pleistocene unit during FY 1996 testing and during FY 2000 implementation indicate
that although the driving force will be lower in wells open above the Plio-Pleistocene
(compared to wells open below the Plio-Pleistocene), the differential pressure should be
sufficient to drive barometric pumping (Section 9.3, Recommendation 3; Section 9.4,
Recommendation 3).

4. Repeat the measurement of carbon tetrachloride rebound in the first 4 to 8 weeks following
SVE operations.

5. Continue carbon tetrachloride vapor monitoring during future periods of nonoperation of the
SVE systems to confirm that groundwater quality is not being negatively impacted.

6. Inventory the network of shallow soil vapor probes and CPT-emplaced soil vapor probes and
rods. Consider decommissioning those probes/rods no longer needed to- support SVE
operations or field characterization activities for the 200-PW-1 Operable Unit (Section 9.4,
Recommendation 6).

7. Evaluate the condition of the wells currently included in the SVE well network. Identify and
prioritize those wells recommended for decommissioning.

9.6 RECOMMENDATIONS FOR FISCAL YEAR 2003

It is recommended that an evaluation be conducted to determine the frequency and type of SVE
operations and monitoring to be implemented in FY 2003. During cyclic operations in FY 1998,
FY 1999, and FY 2001, only approximately 0.1% of the original inventory was removed each
year. Although the mass removed each year during cyclic operations is low compared to the
total mass removed during early stages of SVE, each year of cyclic operations does remove
approximately 0.75 metric tons of carbon tetrachloride from the vadose zone. Based on the
existing remedial design, the following components could be considered for an operating
strategy over the next few years:

* Continuing cydic SVE operations using one or more SVE systems. Now that the readily
accessible carbon tetrachloride has been removed, mass removal is more efficient (in terms
of mass removed per hour of operation) if SVE operations are intermittent, allowing the
carbon tetrachloride vapor concentrations to rebound during periods of temporary shutdown.
An additional advantage to cyclic operations is that waste minimization is achieved if the
SVE system is operated only during warm months, when water condensate is not generated
by the SVE system.

9-9
Performance EvaL Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001

June 2002



BHI-00720
Recommendations Rev. 6

Resuming continuous SVE operations using one or more $$E system. Comparison of
the mass removed during cyclic operations to the projected - removed had the SVE
system continued to operate throughout the year suggests that highest amount of mass
removal is achieved by continuous operations. An additional, vantage to continuous
operations is that a maximum concentration gradient is main e~d between the source of the
carbon tetrachloride and the high-flow zone into which it is dfiusing.

* Continuing use of passive SVE systems. Passive SVE sys have low operation and
maintenance costs because they are designed to use only rene ie energy resources and to
operate unattended for long periods of time. However the at of mass removed each
year by the existing passive systems is significantly lower ththe amount removed using the
active system. The driving force for barometric pumping is ter if the well is screened
below a low permeability layer such as the Plio-Pleistocene t, but the differential pressure
should also be sufficient to drive barometric: pumping in wells above the Plio-Pleistocene
unit.

" Continuing monitoring of rebound concentrations. Rebo concentrations are
monitored during periods of nonoperation of the SVE system. One objective of monitoring
the nonoperational wells and probes is to measure-carbon oride concentrations and
trends near the vadose-atmosphere and vadose-groundwater i aces to evaluate whether
nonoperation of the SVE system is negatively impacting atmo here or groundwater.
Monitoring is also conducted near the Plio-Pleistocene unit to pport SVE operations.
Monitoring is conducted monthly at approximately 30 locations. Considerations could be
given to changing the monitoring frequency and/or locations.

* Implementing enhancements to the SVE system(s). The Invative Treatment and
Remediation Demonstration program reviewed the available tmologies to enhance
remediation using the SVE system(s). Feasibility testing of or more of these or other
enhancements could be conducted to determine their cost and performance effectiveness.

" Revising the existing SVE extraction well network. The e *ng well network consists of
46 vertical wells that provide 48 perforated or screened interv44 open above the
Plio-Pleistocene unit and 17 perforated or screened intervals *n below the Plio-Pleistocene
unit. Some wells in the current well network may need to be d ommissioned, and
additional wells may need to be added to provide complete co4rage of the vadose zone in
the source term area. Consideration could be given to installing horizontal wells for
enhancing the carbon tetrachloride remediation.
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APPENDIX A

200-PW-1 FLOW RATE ESTIMATION METHODOLOGY

The memorandum included in this appendix describes the methodology used to estimate the flow
rates and cumulative volume of vapor extracted from each individual extraction well. The
memorandum was prepared in July 1996 to support preparation of Revision 1 of this report, and
the results it presents are now out-of-date. The results have been updated using the same
methodology to support preparation of Revisions 2 through 6 and are presented in Table 5-5 of
this report.
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Appendix A - 200-ZP-2 Flow
Rate Estimation Methodology

Memorandum

Dt:T: Rheti Tianbarger, Virginia Rahay

Fr=. Kirk W. Hudson

July 16, 1996

MEMO:0021-96

suect: 200-ZP-2 Flow Rate Estimation Methodology and Restks

T1is lon report documents lh. review of the Soil Vapor Etuactio. (V) system data Ond
flow rat estimates far the 200-ZP-2 system. Te purpose of this wORk was to: 1) develop
a spreadsheet thates .as A Mw raw at acion wells based an the flow ran at the
header; and 2) estimate cumulative flow Mis each estion well to date; and 3) plot
estimated flow rates and carb tutachlodds moncentratons vasus time fr selected wells
for comparison. This report documents the methodology used to estimate the flow rams and
the results.

The 200-ZP-2 SVE systam canst of three separate wel fields (2-18, Z-lA, and Z-9) with
reped0ve 50 cubic feet per minute (efi), 1.000 efn, and 1,500 cfm flow ate apacies.
The sysmc ae confignmd hi Much a mariner that real-time flow rates, cumulative volume
removed, and vacumns ae Indicated at a common heads. he Indivdual ctracion wells
am not equipped with vacum auges or flow Iuzers. However, a flck-umounted flow
meter and vacuum gaug e wed periodically (scheduled once per quarter) to record
vacuum and flow meter readings at individual extraction wells during system operation.

MET-ODOIDGY

Three methods were identified to estimste hflow ras from each eatraction well based on
the vacuum and flow measuremments at the headers

METHOD 1:

Using the Johnson Equation [Johnson 1990]:

0 * H K Nr X
I- (P )2k 'P.

(.)4x Px Pt
In X )

&M4
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Kirk W. Hudson dM O:OOQ1-96
Page 2
July 16, 1996

Where: Q - vapor flow rate (scts)
P.- absolute atmosphic pressure (ps)
P. - absolute weilhead vacuum (P. - wellhead vacuum) (pat)
H - length of immcd Interval in vadose zone (ft)
k - sol permeability (sq. fL)
p - viscosty of air gb-sec/sq. ft.)
R. - radus of the well screw (in.)
R, - vapor radius of influence (assumed 20 meters) (n

If P, i, and sne assumed consant throughout the st and P and F. ae given for
each well, then the only missing factr is k. If all the V*" am for two give.
wells (.e., upper and koer nested wells) tnklc
Therefore, a factor can be developed or fo wellcontr doi ftom
each well to the total flow me*smed at the bader. The and the factor can then
be adjusted accordingly to calibrate to the chaamisatico data.-

Use of this equation is based on the following assumptions:

" Radial flow and equal velocity distribudon throughout stipm interval

" Radius of influence is consistent from well to wel at tle$t (asuamed 20 meters)

* Viscosity of air (temperature) is the ame friM we to well

" Wells are screened in the vadose ton

METIOD 2:

Using a ratio of the open a- (screened or jet perforated) of the wells

For example:

Wells A, B, and C have ten, twenty, and thirty square inches of area, respectively and
are being used as extraction wells with a flow rate at the system header of 1000 cfa. The
flow rates are proportioned out as follows:

Well A flow rate 1000 x 10 - 0 x -1674
20.2 + 30 60

Well B flow rate- 1000 x = 333 cfm
60

Perfmoance EvaL Report for 5VP at the Carbon Tet. Site, Feb. 1992 - Sept 2ON
June 2002 A-4
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Well C flow ratein

MEMO:0021-96

lOD x 22 - 500 cfm
60

Use of this method is based on the following assumptions.

" The flow rates from individual wells are directly proportional to the open areas of
the well s-uns.

* The soil permeabifites u the same for every well.

* Friction losses from the well head to the system are the same for every well.

" Well losses are the sarne for eac well.

METHOD 3:

Uing a rad of esmaed pemaMehlis for diffent litholoic layers where wells are
scruned to proportion flow ras amongst wells.

For exasnpwe

System header flow rate - W cfm and,

Well A is screened in the Hanford Lower Coarse layer from 50 - 60 feet below grade.

Well B is sceened in the Plio-l4eitocn layer from 125 - 140 feet below grade.

If the permeability in the Hanford Lower Coarse layer is estimated to be two times that in
the Plio-Pleistocene layer then the flow rate from Well A is twice that of Well B.

Well A flow rate - 500 x 2 - 500 x 2 - 333 qfht
2+1 3

Well B flow rae - 5 0 0  L .2-5o .I 167 cfn
2+.1 3

The perneab~iids for difWeut lithologles are estimated based on the flow rate ratio (from
cbaracteuiatioa data) m wells screened in different zones.

Use of tids method fit d an the following assumption:

7 Iem s l.4S0, well scuun, radius of wl, and rIs of influence In the
Johnse Eqajion (Method 1) combine to form a coa0t This constant does not
ch~ge sinmpfwfly ern won to well with the varnafos in scrm length, well

A-5
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MEM:0021-96

vacuum, mdius of well, and radius of influence. Therodbre, the most significant
parmmeter is the variation in soil permeability from well to well.

EVALUAT1ON OF METHODOU)GY-

Characterizntn data was used to evalute tbe three metIds. data was
used for comparison purposes only N it was more recent ian J 99$. Prio to June
1995, wells were characteried on an individual basis as on a system basis where
all wells in operaticn we charAzed. 9B.edon thds cMra , harackisaticn data
events were determined to be usable from tIe Z-8 sym*m. data event
was determined to be unable from the 71A system. T*o data events were
determined to be useable from the Z-9 system. Table 1 presents a summary of the
characterization data events that were determined to be usable.

U. 3OU, Z"L, 252U,
2mL, It

474 1.153

Z-13 11/16f95 152, 252L 17 27 210

2'-IA /4195 - 7,89,24, 165, 174 34 401 773

2-9 v/195 - M 911, 4, 35. 217, 20 1314 132
3/2/95 211L. 218U, 2191,

21OU

Z-9 11285- L. VU. 216L, 211L 20 1448 1171
1129195 219U, 22uL, 22U, 32,

36, 217,219L, 21U I

Eased on the characteintlon data, 2-9 apppxed to be tue
data as there was characteriuadon data for 4out of 20 hels
individual flow rates were somewhat consistent with th ader
trat methods were used on both useable characterization data sO

The results of the m aflow rates us si m a are
Method I flow a estiates arn sua by tessnbmthe
from the average adjusted k values from both characterindon

ie onat completesummations of the
rate. Therefore, the

1for Z-9 (Attachment 1).

in Table 2.
flow rates resi

sets for -9.

A-6
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2 172 4185 -107 4% 164 -5%

9U 79 .-20% 54 -46% 164 109%

34 420 226 46% 167 -151% 164 -156%

85 166 10 -58% 167 1% 164 -1%

217 67 148 120% 152 126% 164 145%

218L 95 1" 77% *52 (A 82 -16%

213U 175 272 56% 152 -15% 164 -75

219L 71 73 3% 152 114% 82 1%-

219U 83 111 34% 152 33% 164 93%

TOTAL 1,323

CkArMIME DAN S81 02

GL 91 100 10% 121 33% 96 5%

9- 39 44 12% 50 27% 133 255%

2161. 23 31 35% 93 303% 96 316%

218L 103 111 a% 139 35% 96 4f%

213U 194 181 -7% 139 -40% 138 -40%

220L . 95 157 60% 139 42% 13 41%

22OU 135 201 49% 139 3% 96 -41%

82 95 97 2% 153 61% 138 46%

6 190 3s6 61% 59 -220% 138 -37%

217 103 93 -5% 139 35% 133 34%

219L. 35 49 39% 139 297% ii 173%

219U 65 74 13% 139 114% 138 113%

TOTAL 1,171
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The results of an earor analysis for each well on each charcter" efdata an
summarized in Tb I.

-465Wa120% -7 61%

2 -151%10126% 2 3M%

3 -156%t145% -41% 3165

At first glance, it would appear that Method I is dS f most. However, the
accuracy of Method I deiends heavily on * amoest of data in order to
estimate and a0ust the pumOsty to culbrW with te e da. in the
absence of characterizatd n data, It can be shown (A achv 2) r the asset range
increases significantly (-15% to 260%) when 7stid values me used. This
also holds true for Method 3 which relies heavily on characterizt data to estimate relative
permeabilities of different ithologles.

In conclusion, with th lmited'A acterizati dam, Metods 1 6 do not qppar to be
any more accurate than Method 2 which dqe not ely on data whatsoever.
Furdhernors, discrepancies in cumuladve fAo Memmntst header flow rates
and die total measured flow s1t) free the data pass hither
questions about the confidence in the charactinudon data that r d to be
useable. Therefore, method 2 was used to estimate flow rates and imulative flow from the

SPRFADSfE=T DEVEMDMENT

One spreadsheet was developed for each well field. Each spread 4 t was Set up so that each
well in the well field has five columns associated with it. These columns consist of the
following:

s Operation - (*on" is entered in this cell if this well was 401d as an extraction well
on a particular date). Cell was left blank if the well was not being used as an
extraction well.

" Flow - estimated flow rates are calculated for all wells 4 b Won' entered in the
operation column by multiplying the system flow rate by the ratio of that well's

Performance Eval Report for SVE at the Carbon Tet. Site, Feb. 1992- Sept. 20
June 2002 A-8
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open area to the sum of the open areas for all the wells in operation for that
particular day.

* Volume Removed - estimated by multiplying the estimated well flow rate by the
estimated duration of operation for that particular day.

* Cumulative Volume Removed - summation of the Volume Removed cells for
individual wells.

" Carbon Tetrachloide Concentration - Individual well carbon tetrachloride
concentrations e entered corresponding to the day monitored. These
concentrations can be used for comparison with flow rates, cumulative flow, and
time.

The only other individual well data entered was the estimated open areas (provided) of each
well screen. Some of the wells have open areas which changed due to jet perforating.
Thuefore, the open areas of some wells may vary depending mn the date with which the well
was in operation. The dates of operation, duration of operation, and system flow rate
columns were used as the reference to which all data were input and estimates were linked.

The assumptions and notes associated with these flow rate esdmates are as follows:

" The flow rates of individual wells are directly proportional to the open areas of
individual well smens.

" Wells that were used as part of other well fields were included in each system's
spreadsheet. Flow rates, however, were only estimated in the system spreadsheet
for the system which was exuacuing vapors from that well on a particular date.

* The screened areas for wells W15-223 and W18-167 were modified to reflect
sctual operating conditions. The flow rates based on the provided open areas were
grossly over-estimated. The open area for well W15-223 was modified by using
an estimated open area of 3.67 in/ft of well screen. At 20 feet of well screen, the
open area was estimated at 73.4 in'. The open area of well W18-167 was
modified by Ignoring the open bottom of the well. Therefore, an open area of
8.433 in was used when operated on 422/94 and 4/26/94 and 23.562 it was
used for this well when operated from 8/10/95 to 4/24/96.

As a quality check on the spreadsheets, the system header flow rates were multiplied by the
estimuated duration of operation and summed. This estimated total system volume removed
was compared and confirmed to be equivalent to the summation of the individual well
cumulative volumes removed.

A-9
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Table B-1. Characterization Data for Individual Extraction Wells In the
216-Z-1A Wellfleld, April 1992-September 2001. (12 Pages)

Vacuum* Flow CC14 CC4 Flux CHC3 CH2C2  MEK
Date well and interval (kPa) (m3 ltn) (ppen) (kg/day) (ppmv) (ppmv) (ppm,)

05/02/1994 299-W18-6L 22.2 10.5 304.0 28.9 0.0 4.0 0.0
06/2W1994 299-W18-6L 21.4 11.0 525.0 52.2 0.0 7.0 0.0
11/22/1994 299-W18-6L 26.7 9.7 199.0 17.5 0.0 0.0 0.0
02/07/1995 299-W18-6L 24.9 11.8 161.0 1712 0.0 1.0 0.0
09/06/1995 299-W18-6L 5.7 1.2 173.5 0.8 0.0 1.3 0.0
05/09/1996 299-W18-6L 5.2 0.9 54.4 0.4 0.0 0.0 0.0
05/14/1996 299-W18-6L 11.2 2.5 30.0 0.7 0.0 0.0 0.0
09/18/1996 299-W18-6L 3.2 1.4 19.6 0.3 2.2 0.0 0.0
1029/1996 299-W18-6L 3.5 24 15.8 0.3 0.0 0.0 0.0
07/21/1997 299-W18-6L 1.5 0.5 26.8 0.1 3.7 0.0 0.0
07/24/1997 299-Wi8-6L 2.0 0.5 24.4 0.1 2.9 0.0 0.0
07/28/1997 299-W18-6L 1.9 0.4 330.9 0.1 3.8 0.0 0.0
07/31/1997 299-W18-6L 2.1 0.5 8.6 0.0 2.0 0.0 0.0
03/3w1998 299-W18-6L 6.0 0.0 25.6 0.0 0.6 0.0 0.0
04/08/1998 299-W18-61, 0.8 0.0 0.1 0.0 0. 0.0 0.0
04/19/1998 299-W18-6L 0.0 0.0 33.4 0.0 1.1 0.0 0.0
04/16/1998 299-W18-6L 1.5 0.1 0.1 0.0 0.6 0.0 0.0
04/29/1998 299-W18-6UQ) 21.7 2.9 17.6 0.5 0.9 0.0 1.2
04/13/1998 299-W1S-6L 0.6 0.0 33.2 0.0 1.4 0.0 0.0
05/21/1998 299-W18-6L 11.0 2.7 128.1 0.7 12. 0.0 0.0
05/29/1998 299-W18-6L 11.2 2.9 29.1 0.8 1.6 0.0 0.0
06/19/1998 299-W18-6U 2.1 0.8 13.5 0.1 1.6 0.0 0.0
09/06/1995 299-Wi8-6U 4.5 2.4 10.1 0.2 0.0 0.3 0.0
05/09/1996 299-W18-6U 4.5 2.3 1.1 0.3 0.0 0.0 0.0
09/18/1996 299-W18-6 2.2 2. 6.9 03 1.1 0.0 0.0
10129/1996 299-W18-6U 3.2 2.5 1.2 0.0 1.1 0.0 0.0
09/24/1991 299-W18-6) 2.1 1.2 16.8 0.1 2.3 0.0 0.0
05/25/2001 299-WI8-6U 1.0 0.8 32.3 0.2 0.5 1.0 0.3
05/30/2001 299-W18-6U 1.2 0.7 23.4 0.1 0.2 0.0 0.1
06(0&=001 299-W18-6U 1.8 1.1 16.2 0.2 0.1 0.0 0.1
05/06/1994 299-WiS-7 23.9 6.1 209.0 11.6 0.0 3.0 0.0
06/21/1994 299-W1B-7 21.2 6.3 388.0 22.1 0.0 6.0 0.0
11/22/1994 299-W18-7 24.4 5.1 197.0 9.2 0.0 0.o 0.0
02/01/1995 299-WIS-7 26.2 7.8 192.0 13.6 0.0 4.0 0.0
03/28/1995 299W18-7(c) 23.2 124 160.0 18.0 10.0 29.0 13.0
05/31/1995 299-W1S-7(e) 23.9 11.9 106.0 11.4 1.0 2.0 0.0
06/041995 299-W18-7(e) 5.0 7.1 75.6 4.9 0.5 2.5 0O4
11/28/1995 299-W18-7(e) 4.7 6.5 34.2 2.0 0.9 0.1 0.0
12/201995 299-W18-7(e) 3.5 - 33.0 -- 0.7 1.4 ~
05/02/1996 299-W18-7(e) 5.0 6.6 31.0 1.9 0.0 0.0 0.0
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Table B-1. Characterization Data for Individual on Wells in the
216-Z-1A Wellfleld, April 1992-September 2M (12 Pages)

Date Wen and interval Vacuum* Flow CC4 C CHCb CH2Cbl MEK
(kPa) (n/mhn) (ppntv) y) mV) mV) AnMr)

05/14/1996 299-W18-7(e) 6.5 9.9 43.2 3 0.0 0.0 0.0
07/17/1996 299-W18-7(e) 2.5 5.4 16.5 08 2.6 0.0 0.0
09/16/1996 299-W18-7(e) 3.7 5.9 11.7 : 1.7 0.0 0.0
10/29/1996 299-W18-7(e) 3.0 2.8 0.0 0.0 0.0 0.0
07/21/1997 299-W1S-7(c) 2.5 2.8 30.8 0 6.1 0.0 0.0
07/24/1997 299-W18-7(e) 2.0 3.5 3.9 3.3 0.0 0.0
07/28/1997 299-W18-7(e) 2.0 3.5 9.8 2.7 0.0 0.0
07/31/1997 299-W18-7(e) 2.5 3.6 26.6 3.2 0.0 0.0
03/30/1998 299-WIS-7(e) 1.2 0.7 14.8 OI 0.7 0.1 0.0
04/09/1998 299-W1S-7(c) 0.6 0.7 0.9 0 0.0 0.1 0.0
04/10/1998 299-WI8-7(e) 0.4 1.7 26.8 1.2 0.0 0.0
04/16/1998 299-W18-7(e) 1.0 0.0 0.0 1.1 0.0 0.0
04/30/1998 299-W18-7(e) 0.5 0.0 0.3 0.1 0.1 0.0
06(05/1998 299-W18-7(c) 2.0 3.5 24.6 d 2.1 0.0 0.0
06/11/1998 299-W18-7(e) 1.8 3.1 25.7 0.. 2.6 0.0 0.0
05/31/2001 299-WI8-7(e) 1.4 2.4 38.5 1.1 0.8 0.3
0&062001 299-Wi8-7(e) 2.5 2.4 36.2 0 0.6 0.7 0.3
0613/2001 299-W18-7(e) 1.1 1.1 37.4 0 0.8 1.0 0.3
06/2W001 299-W1S-7(c) 2.1 2.4 36.5 0 0.8 0.6 0.2
0627/2001 299-W18-7(e) 2.0 2.4 36.1 0 0.8 1.1 0.2
07/0312001 299-W18-7(e) 1.8 2.4 36.7 0 0.6 0.7 0.2
07/11/2001 299-W18-7(e) 2.1 2.4 35.8 0 0.6 0.6 0.3
02/03/1993 299-W18-87 24.9 2.3 365.0 7 -- -- --
0602/1993 299-W18-87 32.4 3.4 75.0 2. -- - --

11/16/1993 299-W18-87 31.6 2.2 55.0 li 0.1 0.3 0.0
03/03/1995 299-W18-87 offline - - - - -

07/26/1994 299-W18-89 24.2 104 496.0 7 0.0 6.0 0.0
11/22/1994 299-W18-89 25.4 9.9 123.0 Mid 0.0 0.0 0.0
08/04/1995 299-W18-89 3.7 7.3 92.0 641 0.2 3.6 0.7
11/16/1995 299-W1S-89 5.0 8.2 34.0 2 0.5 0.0 0.0
12/20/1995 299-W18-89 4.2 - 32.0 0.3 1.3 -
05/01/1996 299-W18-89 4.5 6.9 28.1 1. 0.0 0.0 0.0
07/17/1996 299-W18-89 2.5 4.9 30.6 1.4 1.5 0.0 0.0
09/18/1996 299-W18-89 4.5 6.2 14.3 a 1.7 0.0 0.0
10/29/1996 299-W18-89 3.2 34 20.8 0.0 0.0 1.1
09/24/1997 299-W18-89 1.9 3.1 15.5 0 3.9 0.0 0.0
03/30/1998 299-W18-89 1.2 0.4 28.1 0 0.7 0.2 0.0
04/08/1998 299-WiS-89 0.6 0.5 0.8 0.2 0.1 0.0
04/10/1998 299-W18-89 0.5 1.6 25.9 0 0.7 1.0 0.0
04/16/1998 299-W18-89 0.9 2.0 5.9 1.1 0.0 0.0

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 20W
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'Table B-1. Characterization Data for Individual Extraction Wells in the
216-ZA Wellfield, April 1992-September 2001. (12 Pages)

VacrW Flow CC14  CC14 Ibm CHCI CH12CI1  MEK
Date Wend Interl (kPa) (M3/Sin) (pmv) (kg/day) (ppw) (ppmv) Ipav)

04/18/1994 299-W18-158L 29.9 1.4 192.0 2.5 0.9 - 0.5
02101/1995 299-Wi8-158L 26.2 04 45.0 0.2 2.0 3.0 0.0
0808/1995 299-W18-158L 10.0 0.0 -- -- - - -

07/30/1996 299-W18-158L 3.7 1.2 76.5 0.8 0.0 9.4 0.0
09/16/1996 299-W18-158L 8.2 0.0 0.2 0.0 OA 0.0 0.0
10/29/1996 299-W18-158L 3.5 0.0 77.6 0.0 0.0 0.0 6.5
09/24/1997 299-W18-158L 3.7 0.0 0.0 0.0 24 0.0 0.0
07/27/1999 299-W18-158L 6.5 0.3 1.1 0.0 0.0 2.8 0.7
07/28/1999 299-W18-158L 6.0 0.3 0.1 0.0 1.3 4.7 1.5
04/04/2001 299-W18-158L 3.2 0.2 0.3 0.0 0.1 0.8 0.1
04/06/2001 299-W18-158L 3.5 0.2 1.0 0.0 0.0 0.0 0.0
04/11/2001 299-WI8-158L 35 0.2 1.8 0.0 0.0 0.0 0.1
06/01/1993 299-W18-158M 32.6 1.1 91.0 0.9 - - -

04/18/1994 299-W18-158M(c) 31.1 0.8 106.0 0.7 0.6 - 0.8
06101/1993 299-W18-158U(c) 7.7 1.8 2.0 0.0 - - -

04/18/1994 299-W18-158U(c) 30.9 2.2 38.0 0.8 0.4 -- 0.5
08108/1995 299-W18-158U(c) 7.5 1.8 248.0 4.0 0.0 10.8 0.0
11/29/1995 299-W18-158U(e) 4.7 0.4 127.0 0.5 8.0 18.0 1.0
12/22/1995 299-W18-158U(e) 3.7 -- 124.0 -- 0.0 12.0 -
06/03/1996 299-W18-158U(e) 5.0 1.9 99.8 1.7 0.0 7.8 0.0
09/16/1996 299-W18-158U(e) 6.2 2.8 2.5 0.1 0.6 0.2 0.0
1029/1996 299-WI8-158U(c) 2.5 1.4 0.0 0.0 1.3 0.0 0.0
09/24/1997 299-W18-158U(e) 3.0 0.9 0.0 0.0 3.7 0.0 0.0
09/22/1992 299-W18-159(a) 24.9 1.6 580.0 8.5 -- -- -

06/01/1993 299-W18-159 32.9 2.0 307.0 5.7 - -- -

04/15/1994 299-W18-159 31.6 1.1 243.0 2.4 0.7 - 0.4
06/2/1994 299-W18-159 24.2 1.1 238.0 2.4 - - --

11/22/1994 299-WIS-159 -- 0.0 -- -- - - -

02/01/1995 299-W18-159 26.2 0.8 150.0 1.1 0.0 7.0 0.0
05/31/1995 299-W18-159(c) 24.9 11.1 77.0 7.7 0.0 3.0 0.0
06/13/1996 299-W18-159(e) . 6.2 3.8 9.7 0.3 2.5 1.3 0.0
07/30/1996 299-W18-159(e) 3.0 3.9 8.1 0.3 3.1 0.0 0.0
09/18/1996 299-W18-159(e) 3.7 3.1 5.6 0.2 1A 1A 0.0
10/29/1996 299-W18-159(e) 3.5 3.1 11.7 0.3 0.0 0.0 2.1
09124/1997 299-W18-159(e) 2.5 0.8 3.1 0.0 3.6 0.0 0.0
05/31/2001 299-W1B-159(c) 1.3 1.9 22.7 0.4 0.3 0.4 0.2
06/06/2001 299-W1S-159(e) 2.7 2.4 20.8 0.5 02 0.3 0.2
06/13/2001 299-W1S-159(c) 1.0 1.3 21.1 0.3 0.1 0.0 0.2
06C2/2001 299-W18-159(c) 2.0 2.2 20.9 0.4 0.2 0.0 0.1
06127/2001 299-W1S-159(e) 2.0 2.1 23.4 0.4 0.3 0.1 0.1
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Table B-1. Characterization Data for Individual E x on Wells in the
216-Z-1A Wellfleld, April 1992-September 20 . (12 Pages)

Date Wall and Interv Vacuum* 1%w CC C CHa CH2C 2  MEK
(1Pa) (Bman (k m) v_____ ______ Wa (a~nt)(ppmvT) ( y) 1(w!!~m1)1 (ppmv) Se!Lv

04/31998 299-W1S-89 0.5 1.9 28.5 0 1 1.3 0.0 0.0
05/08/1998 299-W18-89 0.5 1.0 27.4 02 3.1 0.0 0.0
05/13/1998 299-W18-89 0.5 1.0 27.7 03 1.7 0.0 0.0
06/19/1998 299-W18-89 1.6 4.2 23.6 Oi 2.1 0.0 0.0
07/29/1999 299-W18-89 2.0 4.5 41.6 1f 1.7 0.0 0.0
08/06/1999 299-W18-89 1.9 4.9 27.9 4 1.1 2.7 0.2
08/13/1999 299-W18-89 1.9 5.0 23.9 Ii 0.7 2.0 0.4
08/19/1999 299-W18-89 1.8 4.4 27.2 1 0.8 2.9 0.6
08/26/1999 299-W18-89 2.0 4.7 25.2 1 0.7 2.6 0.5
09/03/1999 299-W18-89 2.2 4.8 30.6 1 0.7 0.2 0.1
09/08/1999 299-W18-89 2.1 4.5 21.1 0 0.5 0.5 0.1
09/13/1999 299-W18-89 2.0 5.0 20.4 0.7 1.0 0.2
04/19/2001 299-W18-89 2.3 4.2 46.0 0.3 0.1 0.2
04/26/2001 299-W18-89 2.2 4.4 37.2 1 0.3 0.1 0.2
05/02/2001 299-W18-89 2.7 4.5 32.5 - 0.3 0.0 0.1
05/09/2001 299-W18-89 1.1 2.5 32.1 0 0.2 0.5 0.2
05/16/2001 299-W19-89 1.6 2.4 23.7 0.1 1.0 0.2
05/23/2001 299-W1S-89 1.0 2.6 324 0.5 0.2 0.3
05/30/2001 299-W18-89 1.1 2.2 21.2 0.2 0.0 0.2
06/06/2001 299-WIS-89 1.5 2.6 27.5 0 0.2 0.0 0.2
06/13/2001 299-W18-89 0.7 1.7 23.7 0.3 0.0 0.1
06/20001 299-W18-89 1.5 3.3 21.5 0.1 0.0 0.2
06/27/2001 299-W18-89 1.3 2.5 21.8 0.2 0.1 0.2
07/03/2001 299-W1S-89 1.1 2.7 21.2 0$ 0.3 0.0 0.2
07/11/2001 299-W18-89 1.3 2.5 21.5 0 0.2 0.0 0.1
06/01/1993 299-W8-MI50L 32.9 2.4 219.0 4 - -- -
11/15/1993 299-WIS-150L 32.1 1.4 243.0 3. 0.1 2.7 1.1
11/15/1993 299-W18-15L(b) 32.1 1.4 -- 0.6 6.7 --
04/15/1994 299-WI8-150L 31.6 1.5 150.0 2 0.4 -- 0.2
11/22/1994 299-W18-150L 25.9 1.1 82.0 0 0.0 0.0 0.0
02/01/1995 299-W18-150L 24.4 1.2 10.0 0 1 0.0 1.0 0.0
06/01/1993 299-WI8-150M 32.9 0.8 157.0 1 -- - --
04/18/1994 299-W18-150M 28.9 0.5 180.0 04 0.0 - 0.9
06/01/1993 299-W18-150U 32.6 0.9 35.0 04 - -- -

04/18/1994 299-W18-150U 30.1 0.6 181.0 0. 0.0 - 1.3
05/25/1995 299-W18-150 - -- ---

04/30/1992 299-W18-158L(a) 27.4 1.7 270.0 4 -- - -

09/22/1992 299-W18-158L(a) 22.7 1.3 500.0 . - -

06/01/1993 299-W18-158L 32.6 1.1 144.0 --

11/15/1993 299-W18-158L 30.9 0.7 394.0 3.8 3.6 0.8

Performance EvaL Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
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Table B-1. Characterization Data for Individual Extraction Wells In the
216-Z-1A Wellfield, April 1992-September 2001. (12 Pages)

Da wen am iVacuum* Flow CC CC 4 flux CHCh CH6Ch MEK
___ _ __d _ (kPa) (na/mln) (ppm,) (kg/day) (ppa) (ppmv) (ppv)

07/03/2001 299-W18-159(e) 1.8 2.1 20.0 04 0.2 0.0 0.2
07/11/2001 299-W18-159(e) 2.0 2.1 22.1 0.4 0.2 0.0 0.1
09/22/1992 299-W18-163L(a) 19.9 0.7 140.0 0.9 - -- --

06/01/1993 299-W18-163L 30.9 0.2 5.0 0.0 - - -

11/15/1993 299-W18-163L 31.9 0.0 - - - - -

04/18/1994 299-W18-163L 29.9 0.0 -- - - --

06/02i1993 299-W1S-163M 32.4 0.3 2.0 0.0 - - -

04/18/1994 299-W1S-163M 29.1 0.0 - -

0flIUS1995 299-W18-163L(c) 7.5 1.8 80.6 1.3 2.0 2.5 0.0
05/10/1996 299-WIS-163L(e) 3.0 0.5 31.1 0.2 0.0 0.0 0.0
10/29/1996 299-W18-163L(e) 2.0 0.5 1.7 0.0 0.0 0.0 0.0
09/24/1997 299-W18-163L(e) 1.7 0.0 5.2 0.0 2.6 0.0 0.0
05/04/2001 299-W18-163L(c) 0.7 0.2 16.3 0.0 0.4 0.0 0.1
05109/2001 299-W18-163L(e) 1.0 0.3 16.0 0.0 0.0 0.1 0.1
05/16/2001 299-W18-163L(e) 1.3 0.2 11.4 0.0 0.0 0.2 0.1
05/23/2001 299-W18-163L(e) 0.8 0.3 18.4 0.0 0.2 0.2 0.2

0602/1993 299-W18-163U 35.1 0.3 2.0 0.0 - -

04/18/1994 299-W18-163U 29.6 0.0 - -- - - -

08/08/1995 299-WI8-163U(e) 6.2 4.0 72.1 2.6 0.1 9.1 0.0
06/13/1996 299-WIB-163U(e) 5.0 2.1 17.7 0.3 0.0 13.5 0.0
07/30/1996 299-W18-163U(c) 1.7 2.1 27.5 0.5 0.0 13.9 0.0
10129/1996 299-WlB-163U(e) 1.7 24 5.6 0.1 0.0 1.3 8.7
09/24/1997 299-W18-163U(e) 1.5 1.0 14.8 0.1 1.5 2.4 0.0
05/25/2001 299-W18-163U(e) 0.7 0.5 23.2 0.1 0.3 2.3 0.4
05/30/2001 299-W1S-163U(c) 0.8 0.7 29.3 0.2 0.6 1.6 0.1
06/06/2001 299-W1S-163U(e) 1.0 0.8 24.6 0.2 0.4 1.1 0.2
06f13/2001 299-W1S-163U(e) 0.5 0.4 26.8 0.1 0.5 0.0 0.1
060d2001 299-W18-163U(c) 1.0 0.9 33.4 0.3 0.5 1.3 0.2

06/27/2001 299-W18-163U(e) 1.1 0.9 20.0 0.2 0.3 1.3 0.1
07/03/2001 299-W18-163U(c) 1.0 0.8 304 0.2 0.2 1.6 0.3
07/11/2001 299-W1B-163U(e) 1.1 1.0 38.6 0.3 04 2.0 0.2

04/20/1994 299-W1-165 30.4 0.1 140.0 0.1 - - -

05/31/1995 299-W1S-165(o) 24.9 6.7 150.0 9.1 0.0 5.0 0.0
08/07/1995 299-W1S-165(c) 14.9 6.2 91.9 5.2 2.2 4.0 0.0
11/29/1995 299-W18-165(e) 5.0 14 29.4 0.4 2.0 4.0 04

12/22/1995 299-W1S-165(e) 3.7 - 25.0 - 0.0 0.0 --
0&03/1996 29918-165(e) 6.7 3.8 10.0 03 .0 0.5 0.1
07/30/1996 299-W18.165(c) 6.2 2.2 8.9 0.2 1.8 0.0 0.0
09/16/1996 299-W18-165(e) 5.5 3.3 16.0 0.5 1.6 0.0 0.0
10/29/1996 299-W18-165(e) 3.0 2.7 29.9 0.7 0.0 0.0 1.9
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'Table B-1. Characterization Data for Inldiviual E Son Wells in the
216-Z-1A Wellfleld, April 1992-September 20 (12 Pages)

Vacuum* Flow CC14  C CRC), CH2CI, MEK
Date we _ a____ (kPa) (nma/In) (ppnV) ) I v) MV) V)

09/24/1997 299-W18-165(c) 3.5 1.9 15.5 2.1 0.0 0.0

04/01/1998 299-W18-165(e) 0.3 0.0 .8 0 1.0 0.0 0.0

04/09/1998 299-W18-165(c) 0.6 0.0 36.7 01) 0.5 1.8 0.0

04/10/1998 299-W18-165(e) 0.6 0.5 33.6 d 1.6 1.0 0.0

04/30/1998 299-W1B-165(c) 0.5 0.4 42.0 2.9 0.0 0.0

05/08/1998 299-W18-165(e) 0.3 0.0 2.5 0.4 0.0 0.0

05/13/1998 299-W18-165(e) 0.4 0.0 1.4 - 0.9 0.0 0.0

06/05/1998 299-W18-165(e) 2.5 1.7 40.3 3.9 0.0 0.0

06/11/1998 299-W18-165(e) 2.4 1.7 43.2 01 3.2 0.0 0.0

06/19/1998 299-W18-165(e) 7.0 3.3 22.3 0 1 .2.8 0.0 0.0

06/30/1999 299-W18-165(e) 7.5 3.7 16.4 0.8 4.2 0.5

07/08/1999 299-WI8-165(e) 8.0 3.6 50.2 1 1.0 2.5 0.2

07/14/1999 299-W18-165(e) 8.2 3.7 49.4 2.8 0.0 0.0

07/23/1999 299-W18-165(e) 8.0 3.7 453 1 1.2 2.7 0.3

07/28/1999 299-W18-165(e) 6.0 3.5 40.6 1 1.3 2.4 0.9

08/06/1999 299-W18-165(e) 4.0 2.8 46.3 1 0.7 4.3 0.5

08/13/1999 299-W18-165(e) 4.2 2.6 33.4 0.7 2.4 0.3

08/19/1999 299-W18-165(e) 3.5 2.7 39.7 i 0.6 4.1 0.6

08/26/1999 299-W18-165(e) 4.0 2.5 35.8 - 0.7 2.8 0.5

09/03/1999 299-W18-165(e) 4.7 2.9 33.8 0 0.4 1.0 0.2

09/08/1999 299-W18-165(e) 4.7 2.8 24.8 0.9 0.9 0.1

09/13/1999 299-W18-165(e) 4.0 2.8 28.3 0.7 1.1 0.3

09/22/1999 299-W18-165(e) 4.0 2.7 26.6 X 1 0.7 0.9 0.6

09/27/1999 299-W18-165(e) 3.0 2.1 17.5 Q 0.3 0.3 0.3

04/04/2001 299-W18-165(c) 3.5 1.8 40.7 1.4 1.3 1.6

04/11/2001 299-W18-165(e) 3.7 2.0 41.6 0 14 0.0 0.2

04/19/2001 299-W18-165(e) 2.2 1.7 38.2 1 6.1 0.9 9.7

04/26/2001 299-W18-165(e) 2.0 1.5 55.8 1.1 0.6 0.2

05/02/2001 299-W18-165(e) 2.2 1.0 35.4 04 0.0 0.1

05/09/2001 299-WIS-165(e) 1.8 1.0 77.8 1.1 1.0 0.2

05/16/2001 299-W18-165(e) 2.3 1.1 80.3 1.0 0.9 0.3

05/23/2001 299-W1B-165(e) 1.6 1.0 71.5 0 1.3 1.0 0.4

05/30/2001 299-W18-165(e) 2.1 1.0 63.7 0.9 0.8 0.3

061062001 299-W18-165(e) 2.7 1.4 51.1 0 0.9 0.4 0.3

06/13/2001 299-W18-165(c) 1.2 0.7 47.2 0 0.6 0.0 0.1

06/212001 299-W18-165(c) 3.2 1.4 43.1 0.7 0.0 0.2

06/27/2001 299-W18-165(e) 3.2 1.2 44.0 0.9 0.3 0.2

07/032001 299-W18-165(e) 3.0 1.3 38.4 0.6 0.1 0.2

07/11/2001 299-W18-165(e) 3.0 1.3 36.0 04 0.0 0.1

06/01/1993 299-W18-166 32.4 0.5 82.0 -- - -

Performance Eval.
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Table B-1. Characturization Data fbr Individual Extraction Wells in the
216-Z-1A Weflleld, April 1992-September 2001. (12 Pages)

vacwuum Flow CC14 CC4 Flux CHC 3 CH2C6 MEK
Dat Wel Intervl (kin) (m/mih) (ppmv) (kg/day) (ppmv) (ppMv) (ppMV)

11/16/1993 299-W18-166 31.9 0.1 70.0 0.1 0.3 0.7 0.0
04/1811994 299-W18-166 29.9 0.1 148.0 0.2 0.7 -- 0.8

.05/31/1995 299-W18-166(e) 25.7 6.9 37.0 2.3 1.0 1.0 0.0

O8f//1995 299-W18-166(c) 16.2 5.7 66.6 3.5 0.3 4.0 0.0

06/13/1996 299-W18-166(c) 6.7 2.1 17.4 0.3 1.5 0.0 0.0
07/301996 299-WIS-166(e) 6.2 1.9 9.7 0.2 0.0 0.0 0.0

09/18/1996 299-WIB-166(e) 8.7 4.7 7.0 0.3 1.1 1.7 0.0

10/29/1996 299-W18-166(e) 2.7 2.1 8.4 0.2 0.0 0.0 0.0
09/24/1997 299-W18-166(e) 5.0 2.5 15.9 0.4 4.4 0.0 0.0
06/301999 299-WIB-166(e) 8.0 3.5 42.3 1.3 0.1 6.6 0.0

07/08)1999 299-W1S-166(o) 8.7 3.7 26.0 0.9 0.0 3.0 0.3
07/14/1999 299-W1S-166(e) 8.7 3.71 25.9 0.9 1.6 0.6 0.0
07/23/1999 299-W18-166(e) 8.7 3.3 19.8 0.6 1.5 1.5 0.1
09/21/1999 299-W18-166(c) 4.2 2.4 9.3 0.2 0.3 1.5 0.2

09/27/1999 299-W18-166(e) 3.5 1.8 8.0 0.1 0.5 0.4 0.3
04/04/2001 299-WIS-166(e) 3.5 1.6 12.4 0.2 0.0 0.1 0.7
04/11/2001 299-W18-166(e) 4.0 1.7 24.4 0.4 0.2 0.5 0.2

04/19/2001 299-W18-166(c) 24 1.3 20.3 0.2 0.1 0.4 0.2

04/26/2001 299-W18-166(e) 2.5 1.3 18.0 0.2 0.1 0.3 0.1
05/0212001 299-W18-166(e) 2.0 0.6 14.3 0.1 0.0 0.0 0.0
05/09/2001 299-W18-166(c) 1.9 0.8 15.2 0.1 0.0 0.0 0.1
05/16/2001 299-WIS-166(e) 2.5 0.8 12.5 0.1 0.0 0.1 0.1

05/23/2001 299-W18-166(e) 1.7 0.8 14.7 0.1 0.1 0.0 0.3
04/201994 299-W18-167 29.9 1.6 180.0 2.7 - - -

06/21/1994 299-W1-167 21.7 0.6 191.0 1.0 0.0 3.0 0.0
03/28/1995 299-W18-167(c) 20.7 12.9 51.0 5.9 1.0 22.0 3.0
08/08/1995 299-W1B-167(e) 2.5 64 208.0 12.1 0.8 5.8 0.0
11/29/1995 299-W18-167(e) 3.7 7.1 34.4 2.2 3.4 7.0 0.6
12/22/1995 299-W18-167(e) 3.7 - 27.0 - 0.0 3.0 -

05/10/1996 299-W1B-167(e) 3.7 8.2 18.9 1.4 0.0 0.5 0.0
07/301996 299-WI8-167(e) 2.0 54 16.0 0.8 1.2 2.9 0.0
10/29/1996 299-WIS-167(e) 3.0 3.5 18.9 0.6 0.0 0.0 1.8
07/21/1997 299-W1S-1674c) 1.7 4.8 20.6 0.9 3.6 5.5 1.1

07/24/1997 299-W1S-167(c) 2.2 4.8 21.2 0.9 3.4 2.2 0.0
07/28/1997 299-W18-167(c) 2.0 4.9 15.3 0.7 3.5 1.8 0.0

07/31/1997 299-W1S-167(e) 2.4 4.7 1.8 0.1 2.7 0.0 0.0
09/24/1997 299-WIS-167(e) 2.0 5.0 27.9 1.3 2.7 0.0 0.0

04/01/1998 299-W18-167(e) 0.3 1.0 26.9 0.2 2.8 0.0 0.0

04/09/1998 299-W18-167(e) 0.4 1.2 11.7 0.1 0.3 0.3 0.0
04/101998 299-W18-167(e) 0.3 1.3 11.1 0.1 1.0 0.4 0.0
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Table B-1. Characterization Data for Individual Wells In the
2164-1A Wellfield, April 1992-September . (12 Pages)

Dt Wf ha V aua* Flow CCU C CHCI3 CH2C2  MDEK
(ma) (___/_n) __) (__ ) mv) (P MV) PPV)

04/34Y1998 299-W18-167(e) 0.4 1.8 19.6 2.9 0.0 0.0
05/08/1998 299-W18-167(c) 0.4 0.9 304 1.5 00 0.0
05/13/1998 299-W18-167(e) 0.5 0.0 0.0 0 1.2 0.0 0.0
06/05/1998 299-W18-167(e) 1.3 4.6 25.1 .. 2.7 0.0 0.0
06/11/1998 299-W1S-167(c) 1.2 4.5 23.9 i. 1 2.8 0.0 0.0
07/27/1999 299-W18-167(c) 2.7 9.1 141.0 2.k6 0.9 2.9 0.5
07/28/1999 299-W18-167(c) 2.7 9.0 37.5 11 0.2 5.9 0.7
06/0&1999 299-W18-167(e) 2.0 6.4 34,9 0 0.5 6.2 0.7
08/13/1999 299-W1B-167(e) 2.1 6.5 28.7 / 0.4 5.0 0.4
0=/19/1999 299-W1S-167(c) 1.9 6.3 33.8 9 0.2 7.0 0.9
08/26/1999 299-W18-167(e) 2.0 6.4 31.0 i 0.3 5.0 0.7
09/03/1999 299-W18-167(c) 2.3 6.8 27.2 0.4 2.4 0.3
09/08/1999 299-W18-167(e) 2.2 6.9 24.5 0.4 2.3 0.2
09/13/1999 299-W18-167(c) 2.1 6.7 24.4 0.4 2.6 0.4
09/22/1999 299-W18-167(c) 2.4 7.0 26.3 0.5 1.7 0.6
09/27/1999 299-W1S-167(c) 2.7 8.2 27.4 0 0.3 1.6 0.2
04/04/2001 299-W18-167(c) 2.5 7.2 32.6 A 0.5 0.6 2.1
04/11/2001 299-W18-167(e) 2.5 7.5 41.5 P 0.6 1.4 0.2
04/19/2001 299-W1S-167(e) 1.9 4.8 37.7 0.6 1.7 1.3
04/262001 299-W18-167(c) 16.9 4.9 29.1 0.5 0.8 0.2
05/02/2001 299-W1B-167(c) 2.4 5.8 38.2 0.5 0.1 0.1
05/0912001 299-W1S-167(c) 1.0 2.8 34.4 0.5 1.0 0.2
05/162001 299-W18-167(e) 14 2.7 35.7 0.3 1.0 0.2
05/23/2001 299-W18-167(e) 0.8 2.9 33.7 0.5 0.9 0.4
05/32001 299-W18-167(c) 0.8 2.0 27.7 0.3 0.0 0.2
06/06/2001 299-W18-167(e) 1.1 2.2 27.1 0.4 0.3 0.2
06/13/2001 299-W18-167(c) 0.6 2.0 27A 0 0.3 0.0 0.2
06/20201 299-W18-167(c) 1.0 2.7 24.0 0.4 0.0 0.1
06/27/2001 299-W18-167(e) 1.0 2.8 244 0.4 0.0 0.1
07/03/2001 299-W1S-167(c) 0.9 2.8 24.3 0.2 0.0 0.1
07/11/2001 299-W18-167(e) 1.1 2.7 25.9 (4 0.1 0.0 0.2
1W0/6/1992 299-W1B-168(a) 24.9 0.3 - 670.0 1 -- -- --
06/01/1993 299-W18-168 34.6 0.8 212.0 5 - - -
11/16/l993 299-WIS-168 32.1 0.4 371.0 tia 3.6 5.0 0.3
11/16/1993 299-W18-168(b) 32.1 0.4 -- - 1.5 -
04/18/1994 299-W18-168 29.9 0.4 108.0 0.0 - 0.6
06d2W1994 299-W18-168 22.2 0.2 - -- - -

03/3(W1995 299-W18-168(c) 25.7 7.2 lOLO 6.0 101.0 5.0
08/09/1995 299-W18-168(e) 6.2 2.2 302.0 5.1 0.0 0.0
11/29/1995 299-W18-168(e) 4.5 0.4 54.6 t 3.6 7.0 0.6

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb.
June 2002

1992 - Sept. I1
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Table B-1. Characterization Data for Individual Extraction Wells In the
216-Z-1A Weffleld, April 1992-September 2001. (12 Pages)

Dae R and IuYuIVacuum' Plow CC4  CC 14F CMCS CH2CI2  MEK
Da__ W____dIt (i'.) (m3rin) (ppnv) (hgday) (ppmv) (ppmv) (ppmv)

12221995 299-W18-168(e) 4.7 - 54.0 -- 0.0 2.0 -

05/10/1996 299-W18-168(e) 4.7 0.9 42.3 0.3 0.0 0.0 0.0

1029/1996 299-W18-168(c) 2.5 0.8 2.8 0.0 1.3 0.0 0.0

09/24/1997 299-WIS-168(c) 3.7 14 27.2 0.4 2.1 0.0 0.0

04/01/1998 299-W1S-168(c) 04 0.0 1.3 0.0 0.7 0.0 0.0

04/09/1998 299-W1S-168(e) 0.5 0.0 0.3 0.0 0.1 0.0 0.0

04/1011998 299-W1B-168(e) 0.4 0.0 2.4 0.0 1.1 0.0 0.0

0429/1998 299-W18-168(e)fl 16.4 4.0 44.1 1.6 2.9 0.0 0.0

04W3W1998 299-W18-168(c) 0.5 0.0 11.9 0.0 0.8 0.0 0.0

05/2111998 299-W18-168(e) 10.0 4.7 28.1 1.2 2.5 0.0 0.0

05/29/1998 299-W1S-168(c) 11.0 5.9 35.1 1.9 2.4 0.0 0.0

0619/1998 299-W18168(e) 6.2 3.2 31.2 0.9 2.4 0.0 0.0

060I1999 299-W18-168(c) 8.0 3.3 46.1 14 0.1 4.1 0.5

07108/1999 299-W18-168(e) 9.0 3.2 46.7 1.4 0.0 4.9 0.3

07/14/1999 299-W1-168(e) 9.0 3.3 52.0 1.6 1.2 2.8 0.1

07123/1999 299-W1S-168(e) 8.7 3.5 49.2 1.5 0.1 5.4 0.4

07/28/1999 299-W18-168(e) 3.2 0.9 53.5 0.4 1.1 4.0 1.0

06/06/1999 299-W18-168(c) 2.5 0.4 55.8 0.2 0.5 4.1 0.4

06/13/1999 299-WiS-168(s) 2.5 0.4 58.6 0.2 0.0 2.8 0.2

08/19/1999 299-W18-168(c) 2.3 0.3 58.5 0.2 0.1 4.5 07

06/1999 299W18-168(o) 2.5 0.3 55.0 0.2 0.0 4.3 0.6

093/1999 299-W18-168(e) 2.7 04 52.5 0.2 0.0 1.4 0.2

09A/1999 299-W1B-168(c) 2.7 04 47.3 0.2 0.0 1.5 0.2

09/13/1999 299-W1S-168(e) 2.7 0.4 45.9 0.2 0.2 1.4 0.2

09/22/1999 299-W18168(e) 2.7 0.5 41.4 0.2 0.2 1.7 04

09/27/1999 299-W18-168(c) 3.5 0.8 40.9 0.3 0.0 1.0 0.2

04/04/2001 299-W18-168(e) 2.7 0.9 17.6 0.1 0.3 0.2 0.3

04/11/2001 299-W18-168(e) 3.0 0.8 48.7 0.3 0.6 1.1 0.2

04/19/2001 299-WIS-168(e) 2.4 0.2 44.2 0.1 0.7 0.8 0.2

04/26/2001 299-W18-168(e) 2.2 0.2 44.8 0.1 0.4 0.9 0.2

05/02/2001 299-W18-168(c) 2.5 04 50.3 0.2 0.4 0.2 0.1

05/09/2001 299-W1S-68(e) 1.2 0.2 53.9 0.1 0.4 1.1 0.2

0511&6001 299-W18-168(c) 1.6 0.2 51.4 0.1 0.3 0.9 0.2

05/23/2001 299-W1S-68(e) 1.0 0.3 52.2 0.1 0.6 0.8 0.4

05/31/2001 299-W1S-168(c) 0.7 0.3 77.1 0.2 0.7 1.2 0.4

06t&2001 299W18168(e) 1.5 0.2 10.0 0.0 0.2 0.0 0.1

M07f2001 299*18468(e) - 0.3 49.7 0.1 0.6 0.2 0.3

06/13/2001 299-IB-1168(e) 0.8 0.2 33.8 0.1 0.4 0.0 0.1

06r22001 299-W18-168(e) 1.3 0.3 44.8 0.1 0.4 0.1 0.2

06/21/1994 299-W18-169 22.4 0.0 -- - - - -
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Table B-1. Characterization Data for Individual E lion Wells in the
216Z-1A Welfield, April l992-September 20* (12 Pages)

Datea V cuu n low CC C C CHC b6 CH2Cl M EK
(kPa) (M3/Mnn) (pntv) y) (pM p) MV) iMr)03/28/1995 299-W1S-169 23.7 1.2 266.0 0.0 54.0 6.0

09/06/1995 299-W18-169(e) 3.7 3.7 15.6 01 1.4 1.4 0.1
05/10/1996 299-W1B-169(e) 3.5 4.1 11.5 C 0.0 0.3 0.0
09/25/1996 299-W18-169(e) 5.0 4.4 4.1 C 1.6 0.0 0.0
10/29/1996 299-W18-169(e) 3.5 3.7 0.0 0.0 0.0 0.0
09/24/1997 299-W18-169(c) 2.5 1.8 4.2 0 2.2 0.0 0.0
06/25/2001 299-W18-169(e) 1.0 0.8 1.2 O 0.0 0.2 0.2
05/30/2001 299-W18-169(e) 1.1 1.1 2.4 0.0 0.0 0.0
02/03/1993 299-W18-171 24.9 8.5 350 2 -- - --
06/02/1993 299-WIB-171 324 8.4 329.0 2 - - -

11/12/1993 299-W18-171(d) 324 8.2 29.0 2_ - -- -
116/1993 299-W18-171(d) 26.9 7.1 51.5 3 0.0 0.8 0.0
04/15/1994 299-W18-171(d) 30.6 9.2 50.0 4 1 0.0 -- 0.1
06/21994 299-W1S-171(d) 21.9 8.0 8.0 0L 0.0 1.0 0.0
08/16/1995 299-WXS-171L 9.0 4.0 7.2 0,6 0.0 0.0
04/03/1996 299-W18-171L 7.0 2.9 3.3 0 0.0 0.0 0.0
09/25/1996 299-W18-171L 6.2 3.7 1.8 0.0 0.0 0.0
10/29/1996 299-W18-171L 7.0 4.6 4.6 0. 1.3 0.0 0.0
09/24/1997 299-W18-171L 4.7 2.4 5.0 GA 3.1 0.0 0.0
05/25/2001 299-W1S-171L 2.5 1.9 5.0 0M 0.1 0.1 0.3
05/3(2001 299-W1-171L 2.5 1.8 5.4 0 0.2 0.0 0.1
08/16/1995 299-W1B-171U 7.5 5.6 0.6 O% 1.3 0.0 0.0
04/03/1996 299-W1B-171U 6.0 4.1 0.5 O6 0.0 0.0 0.0
09t25/1996 299-W1S-171U 6.0 5.3 0.0 0, 1.2 0.0 0.0
10/29/1996 299-W18-171U 6.0 7.8 0.0 0 0.0 0.0 1.6
09/24/1997 299-W1S-171U 4.0 3.2 0.0 0 2.1 0.0 0.0
04/21/1994 299-W18-174 29.9 3.5 199.0 6, 0.0 4.0 0.0
06/2=1994 299-W18-174 23.4 3.2 227.0 6. 1.0 4.0 0.0
1122/1994 299-W18-174 - 0.0 -- - -

02/01/1995 299-W18-174 25.4 0.0 - - - -

05/31/1995 299-W1S-174 24.9 2.9 82.6 2 1.0 3.0 0.0
08/07/1995 299-W18-174 7.5 1.1 80.6 0 2.7 0.8 0.0
1029/1996 299-W18-174 1.0 0.0 0.0 o 0.0 0.0 0.0
07/21/1997 299-W18-174 2.5 0.4 7.0 0, 3.1 0.0 0.0
07/24/1997 299-W1-174 2.5 0.4 2.9 1.4 0.0 0.0
07128/1997 299-W1B-174 2.5 0.4 0.0 0, 1.8 0.0 0.0
07/31/1997 299-W18-174 3.2 0.4 4.0 0 1.9 0.0 0.0
09124/1997 299-W18-174 4.0 0.8 14.6 2.8 0.0 0.0
04/01/1998 299-W18-174 0.4 0.0 7.7 0 0.8 0.0 0.0
04/09/1998 299-W18-174 0.7 0.0 0.4 0+ 0.0 0.0 0.0

Performance EvaL Repon for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2t
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'Table B-1. Characterization Data for Individual Extraction Wells In the
216-Z1A Wellfield, April 1992-September 2001. (12 Pages)

Date Wel and Interval VaCUUM* Flow CC14 CC4 Flux CHC3 CH2Cb MEK
ft( ) (Mnin) (ppm) day) pmy) (ppmV) (ppMv)

05/21/1998 299-W18-174 10.5 2.5 15.2 0.3 2.1 0.0 0.0
05/29/1998 299-WI8-174 9.5 2.9 22.4 0.6 1.9 0.0 0.0
00301999 299-W1S-174 8.7 1.8 38.8 0.6 .0.7 4.6 0.0
07/08/1999 299-W18-174 9.2 2.1 25.2 0.5 0.1 3.9 0.3
07/14/1999 299-W18-174 9.0 2.2 30.9 0.6 1.8 0.9 0.0
07/23/1999 299-WIS-174 9.0 2.4 23.1 0.5 0.3 4.7 0.5
09/22/1999 299-W18-174 5.7 0.8 18.5 0.1 0.3 2.5 0.5
09/27/1999 299-W18-174 6.0 1.0 15.2 0.1 0.2 1.5 0.3
04/04/2001 299-W18-174 6.2 1.2 29.5 0.3 0.7 1.0 0.6
04/11/2001 299-W1-174 2.7 0.3 23.2 0.1 0.2 0.6 0.1
04/19/2001 299-WIB-174 2.7 0.4 22.1 0.1 0.2 OA 0.2
04/262001 299-W18-174 2.5 0.3 16.4 0.0 0.3 0.2 0.1
05/02/2001 299-W18-174 4.2 0.8 14.5 0.1 0.1 0.0 0.0
04/13/1992 299-W18-175(a) 24.9 2.5 275.0 6.4 - -- --
09/22/1992 299-W18-175(a) 224 1.7 605.0 9.3 - - -

06/01/1993 299-WIB-175 32.9 1.9 490.0 8.6 - - -
04/15/1994 299-W18-175 30.9 0.9 576.0 4.9 0.0 -- 1.6
06120/1994 299-WIS-175 21.9 1.1 494.0 5.1 0.0 12.0 1.0
11/22/1994 299-WIB-175 25.2 0.8 193.0 1.4 0.0 0.0 0.0
02/01/1995 299-W18-175 264 0.9 277.0 2.3 0.0 22.0 0.0
04/24/1995 299-W18-175 alpha -- -- - - - --
04/21/1994 299-W18-248 29.9 0.8 142.0 1.1 0.0 1.0 0.0
06/21/1994 299-W1S-248 22.7 0.8 301.0 2.1 1.0 4.0 1.0
12/20/1994 299-W1S-248 26.4 0.7 137.0 0.9 0.0 3.0 0.0
02/07/1995 299-W18-248 25.9 0.6 69.0 04 0.0 0.0 0.0
03/28/1995 299-W18-248 24.7 2.0 263.0 4.7 0.0 37.0 4.0
05/31/1995 299-W18-248 24.9 0.7 433.0 2.6 2.0 2.0 0.0
08/04/1995 299-W18-248 0.0 0.1 - -- -- - --
05/07/1996 299-W18-248 12.5 0.5 277.0 1.1 0.0 0.0 0.0
07/17/1996 299-W18-248 2.5 0.1 9.5 0.0 0.0 0.0 0.0
09/16/1996 299-W18-248 8.7 0.6 62.3 0.3 2.2 0.0 0.0
10/29/1996 299-W18-248 6.0 0.5 8.4 0.0 0.0 0.0 0.0
07/21/1997 299-W18-248 3.2 0.1 59.3 0.0 3.7 0.0 0.0
07/24/1997 299-W18-248 3.7 0.3 57.9 0.1 2.2 0.0 0.0
07/28/1997 299-W18-248 3.5 0.3 2.7 0.0 2.9 0.0 0.0
07/31/1997 299-W18-248 3.7 0.4 26.4 0.1 2.0 0.0 0.0
09/30/1997 299-W18-248 3.7 0.0 4.8 0.0 2.5 0.0 0.0
03/30/1998 299-WI8-248 2.5 0.0 0.7 0.0 0.0 0.5 0.0
04/09/1998 299-W18-248 0.9 0.0 0.0 0.0 0.2 0.0 0.0
04/10/1998 299-W18-248 1.8 0.0 36.4 0.0 1.2 0.0 0.0
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Table B-1. Characterization Data for Individual E on Wells in the
216-Z-1A Wellfield, April 1992-September (12 Pages)

Date Wen and Iterval Vacmm* Flow CCL CC CHCh CHC 2  mEK
(kPa) (M/Min) (ppmv) y) a) (PPmv) PMs)

04/1611998 299-W18-248 1.8 0.0 0.0 O1 0.6 0.0 0.0
04/3Y1998 299.W18-248 1.0 0.0 0.9 0 0.3 0.0 0.0
05/21/1998 299-W18-248 11.2 0.5 47.0 0 2.3 0.0 0.0
05/29/1998 299-W1S-248 12.5 0.8 29.5 0 2.1 0.0 0.0
07/27)1999 299-WIS-248 7.0 0.3 36.9 0 1.1 4.2 1.0
0728/1999 299-W18-248 6.5 0.3 20.1 0 0.6 3.2 0.8
08/06/1999 299-W1-248 4.2 0.3 28.5 0* 0.6 3.9 0.4
08/13/1999 299-W1-248 4.5 0.3 25.3 0* 0.1 3.2 0.4
08/19/1999 299-W1-248 3.7 0.3 35.8 0, 0.6 4.3 0.9
08/2&1999 299-W18-248 4.5 0.3 36.8 0Q 0.1 3.2 0.6
09/03/1999 299-WIB-248 5.5 0.3 36.6 O 0.3 1.2 0.2
09/08/1999 299-W18-248 5.2 0.3 34.9 0. 0.2 1.2 0.2
09/13/1999 299-W1S-248 4.2 0.3 31.7 0. 0.0 1.6 0.2
09/22/1999 299-W1S-248 6.0 0.3 34.0 O 0.4 1.2 0.4
09/27/1999 299-W18-248 5.7 0.3 29.8 0 0.4 0.5 0.1
04/192001 299-WI8-248 2.7 0.2 110.0 0 1.5 1.2 0.6
0446/2001 299-W18-248 2.5 0.2 53.1 T 0.9 0.7 0.3
05/022001 299-W18-248 7.0 0.2 42.8 0 0.6 0.0 0.2
05)09/2001 299-W1S-248 2.1 0.2 36.5 Q 0.5 0.6 0.2
05/12001 299-W1S-248 2.5 0.3 22.0 0.2 0.0 0.0
05/232001 299-W18-248 1.9 0.3 33.5 01 0.6 0.2 0.3

'After &15/95, all menUret-ts made at the wellhend.
'Odysmy molysis.
'On chm ograph analysis.
*Shorticuiting.
'Prket broken.
*Afterjt perforatng.
'only wen on-rni.
CC 4 - cmbon ftramhioride
CHC, - chloroform
CH2C2s nmthylene chlonde
MK = methyl ethyl ketone
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'lable B-2. Characterization Data for Individual Extraction Wells In the
216-Z-18/Z.12 Welilfeld, May 1992-September 2001. (5 Pages)

Dat wen a interval VacuuM* Flow CC4  CC4 Flux CHCS CH2CI2  MEK
Dat_ We____d Inr__ (kPa) (d/min) (ppm') (kg/day) (ppmv) (ppmv) (ppm )

06/05/1992 299-WI8-1OL(a) 25.7 2.4 27.4 0.6 - -- -

06/09/1992 299-WI8-10L(a) 24.9 1.9 200.0 3.4 - -

06112/1992 299-W18-10L(a) 24.9 0.9 280.0 2.4 -

06(15/1992 299-W18-10L(a) 24.9 2.6 190.0 4.5 -

02/0311993 299-WIB-1OL 26.9 1.8 210.0 3.5 - -- -

06/2/1993 299-W18-10L 324 2.3 221.0 4.5 - - -

11/1&1993 299-W18-10L 32.4 1.3 342.0 4.0 4.7 6.0 0.8

04/15/1994 299-W18-10L 30.9 IA 267.0 3.4 0.0 -- 0.2

07I26/1994 299-W18-1OU&L 24.9 2.3 149.0 3.1 1.3 1.0 0.8

11102)1994 299-W18-10U&L 25.2 2.0 43.0 0.8 1.0 0.0 0.0

05/101995 299-W18-10L 24.4 1.5 18.0 0.2 2.0 3.0 0.0

04/04/1996 299-W18-10L 18.7 1.0 11.5 0.1 0.0 0.0 0.0

05/14/1996 299-W18-10L 19.4 0.9 7.0 0.1 0.1 0.0 0.0

09/23/1996 299-W18-10L - - 4.0 -- 0.0 0.0 0.0

04/04/1996 299-W18-1OU -- 0.0 - - -- -- -

09/23/1996 299-W18-10U 19.9 0.0 -- -- -- -- --

07/14/1994 299-WiS-ilU&L 25.2 0.9 54.1 0.5 0.0 1.0 1.8

05/10/1995 299-W18-11L 24.7 0.8 8.0 0.1 1.0 2.0 0.0

06/07/1995 299-W18-11L 24.7 0.8 27.0 0.2 1.0 0.0 0.0

04/04/1996 299-W18-11L 19.2 0.3 1.7 0.0 0.0 0.0 0.0

09/19/1996 299-WI-lIL 18.9 0.9 1.1 0.0 0.5 1.4 0.0

04/04/1996 299-W18-11U 17.9 0.8 2.0 0.0 0.0 0.0 0.0

09/19/1996 299-W18-11U 18.2 1.2 1.2 0.0 1.0 0.0 0.0

04/1c/1995 299-W18-12(b) 25.7 7.1 82.0 5.3 -- -- --

05/10/1995 299-W18-12(b) 25.4 5.6 55.0 2.8 3.0 4.0 0.0

06/07/1995 299-W18-12(b) 25.2 5.6 46.0 2.3 2.0 2.0 0.0

08/03/1995 299-W1S-12(b) 24.7 5.5 23.0 1.1 1.0 0.0 0.0

04/04/1996 299-W18-12(b) 15.7 4.4 17.1 0.7 0.0 0.0 0.0

05/14/1996 299-W18-12(b) 16.9 3.2 15.4 0.5 0.0 0.0 0.0

09/23/1996 299-W18-12(b) 14.9 6.2 10.7 0.6 1.7 0.0 0.0

03/30/1998 299-W1S-12(b) 8.7 04 28.7 0.1 1.0 0.0 0.0

04/09/1998 299-W18-12(b) 2.1 0.8 19.1 0.1 1.3 0.0 0.0

04/10/1998 299-W1S-12(b) 2.5 1.9 0.3 0.0 0.5 0.0 0.0

04/16/1998 299-W18-12(b) 0.4 5.4 0.0 0.0 0.3 0.0 0.0

04/30/1998 299-W18-12(b) 3.0 1.8 17.4 0.3 1.2 0.0 0.0

05/08/1998 299-W1B-12(b) 1.3 0.5 14.6 0.1 1.2 0.0 0.0

05/13/1998 299-W1S-12(b) 1.4 0.7 14.1 0.1 2.3 0.0 0.0

07/14/1994 299-W18-93 24.9 4.8 25.8 1.1 0.0 1.8 1.0

04/04/1996 299-W18-93 14.9 2.8 0.4 0.0 0.2 0.0 0.2

09/19/1996 299-W18-93 15.9 3.5 0.1 0.0 1.4 0.0 0.0
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Table B-2. Characterization Data for Individual E n Wells In the
216-Z-1S/Z-12 Wellield, May 1992-September 1. (5 Pages)

VaDem* Flow Cci1  CO CHCh CH2CJ6 MEK
Date Weft and Inter (kPa) (m3/nmn) (pmw) y) (ppmv) (ppm) AzMa)

07/25/1994 299-W18-94 25.4 7.7 22.0 0.0 1.3 0.8
04/06/1996 299-WIB-94 13.2 6.1 0.5 0.0 0.0 0.0
09/19/1996 299-WIS-94 13.4 5.6 0.1 1.5 0.0 0.0
07/13/1994 299-W18-96 24.9 7.2 103.0 0.7 -- 0.3
11/02/1994 299-WIS-96 25.9 8.2 29.0 2 1.0 0.0 0.0
02/15/1995 299-W18-96 24.4 9.4 121.0 3 - -- --

0328/1995 299-W1S-96 25.2 9.3 120.0 2 1.0 0.0 0.0
04/101995 299-W18-96 28.9 9.9 143.0 1 - -- -
05/101995 299-W18-96 24.9 7.5 50.0 2.0 4.0 0.0
08/03/1995 299-W18-96 24.7 7.2 13.0 1.0 0.0 0.0
04/09/1996 299-WIS-96 12.0 6.5 7.2 0.2 0.0 0.0
09/23/1996 299-W18-96 12.5 8.2 3.4 0.0 0.0 0.0
03/301998 299-WI8-96 9.2 1.6 16.2 0.6 0.0 0.0
04/09/1998 299-WIS-96 2.0 2.1 265 1.4 0.0 0.0
05/08/1998 299-WIB-96 1.4 1.8 14.2 0.9 0.0 0.0
05/13/1998 299-W18-96 1.5 - 1.9 19.9 2.4 0.0 0.0
05/252001 299-W18-96 2.5 2.8 8.0 0.2 0.1 0.3
05/342001 299-W18-96 1.7 2.4 10.5 0.1 0.0 0.1
05/01/1992 299-W1S-97(a) 6.2 2.9 95,0 - - -

05/05/1992 299-W1S-97(a) 5.5 3.2 70.0 - - -

02/03/1993 299-W18-97 27.1 7.5 355.0 A- - -

06102/1993 299-WIS-97 33.4 8.8 23.0 - - -

11/16/1993 299-WIS-97 31.9 -- 95.0 0.0 0.0 0.0
04/15/1994 299-WI8-97 32.1 7.3 48.2 0.5 -- 0.1
07/26/1994 299-W18-97 25.4 8.4 12.0 0.0 1.9 0.7
04/06/1996 299-W18-97 13.0 6.2 0.3 0.0 0.0 0.0
09/23/1996 299-W18-97 13.2 7.6 0.0 1.3 0.0 0.0
07/12/1994 299-WI8-98 31.4 9.3 37.6 310 1.5 1.7 0.1
07/12/1994 299-W18-98 25.2 7.5 39.0 217 0.0 3.8 0.5
04/04/1996 299-W18-98 13.7 5.4 0.3 040 0.2 0.0 0.0
09/23/1996 299-W18-98 13.9 7.1 0.0 1.0 0.0 0.0
06/3(Y1994 299-W18-99 24.7 6.4 106.0 Q 0.3 1.6 0.3
02/16/1995 299-W18-99 25.4 7.8 11.0 Oij 0.0 2.0 0.0
03/28/1995 299-W19-99 24.4 7.8 9.0 0 . 0.0 0.0 0.0
04/05/1996 299-W18-99 23.7 5.4 0.7 0.0 0.0 0.0
0924/1996 299-WI8-99 14.4 6.4 0.0 1.3 0.0 0.0
07/12/1995 299-W18-152 24.9 6.6 362.0 2 13.0 20.0 3.0
11/16/1995 299-W1B-152 8.7 3.9 47.0 0.0 0.0 0.0
12M21995 299-W18-152 8.5 - 38.9 0.7 0.7 --
05/07/1996 299-W18-152 14.7 6.9 31.7 0.0 0.0 0.0

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 20t,
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'Iable B-2. Characterization Data for Individual Extraction Wells in the
216-Z-1S/Z-12 Weilfield, May 1992-September 2001. (5 Pages)

Data Wen and Interva Vacaum* Flow CC14 CC4 Fhux CHC CH2CI2  MEK
Oft) (W/ndsa) (ppmv) (kg/day) (ppmv) (pptnv) (ppnw)

0Y7/17/1996 299-W18-152 11.7 6.6 20.9 1.3 3.7 0.0 0.0
(29/1996 299-W18-152 2.2 1.0 114 0.1 1.7 0.0 0.0

09/24/1997 299-W18-152 24.9 3.9 12.7 0.4 2.6 0.0 0.0
03/31998 299-W18-152 6.5 0.4 20.8 0.1 0.7 0.0 0.0
04/09/1998 299-W18-152 0.1 0.0 0.3 0.0 1.4 0.0 0.0
06/05/1998 299-W18-152 5.0 4.4 18.3 0.7 2.1 0.0 0.0
06/11/1998 299-W18-152 6.5 3.3 16.8 0.5 2.8 0.0 0.0
07/12/1995 299-W18-153 24.9 10.0 52.0 4.7 2.0 2.0 0.0
05/07/1996 299-W18-153 5.0 9.7 2.7 0.2 0.0 0.0 0.0
09/26/1996 299-W18-153 11.5 10.6 0.7 0.1 1.7 0.0 0.0
10/29/1996 299-W18-153 2.5 3.8 0.0 0.0 0.0 0.0 0.0
09/24/1997 299-W18-153 5.7 0.0 2.2 0.0 24 0.0 0.0
07/12/1995 299-W18-157 24.9 10.1 20.0 1.8 1.0 1.0 0.0
04/061996 299-Wi8-157 6.2 8.1 6.5 0.5 0.2 0.0 0.0
09/26/1996 299-W18-157 9.0 8.1 0.6 0.0 0.5 0.2 0.2
04/2W1994 299-W18-246L 30.1 1.7 162.0 2.5 0.7 0.8 0.1
04/201994 299-W1S-246L 17.7 1.2 169.0 1.9 0.3 0.2 0.0
06/21/1994 299-W18-246L 21.7 1.5 236.0 3.2 0.0 2.0 0.0
11/02/1994 299-W18-246U&L 25.4 8.6 134.0 10.4 1.0 0.0 0.0
06/07/1995 299-W18-246L 24.9 2.1 114.0 2.1 4.0 5.0 0.0
08/03/1995 299-WIS-246L 24.7 5.2 49.0 2.3 1.0 2.0 0.0
04/06/1996 299-W18-246L 16.9 1.8 32.2 0.5 0.0 0.0 0.0
05/14/1996 299-W18-246L 17.4 1.5 32.3 0.4 0.0 0.0 0.0
09/18/1996 299-W18-246L 18.7 24 16.3 04 1.7 0.0 0.0
1W29/1996 299-W1S-246L 7.5 1.4 6.9 0.1 2.0 0.0 0.0
06/25/2001 299-W18-246L 1.7 0.2 37.2 0.1 0.5 0.0 0.1
07/27/2001 299-W18-246L 1.8 0.2 34.8 0.1 0.4 0.0 0.1
07/3M00 299-WI8-246L 1-5 0.3 126.8 0.1 0.3 0.0 0.1
U7/11 2001 299-W18-246L 1.8 0.2 32.6 0.1 0.3 0.0 0.1
04/19/1994 299-W18-246U 29.1 54 271.0 134 0.2 -- 0.4
06/21/1994 299-W18-246U 22.4 44 125.0 5.0 0.0 3.0 0.0
0803/1995 299-WIS-246U 25.2 5.4 48.0 2.3 2.0 2.0 0.0
04/06/1996 299-W1S-246U 16.9 4.2 27.9 1.1 0.0 0.0 0.0
07/17/1996 299-W1S-246U 14.9 5.2 9.8 0.5 1.2 0.0 0.0
09/18/1996 299-WIS-246U 13.9 5.7 129.7 1.5 1.2 0.0 10.0
10/29/1996 299-W1S-246U 5.5 11.6 9.0 0.9 0.0 0.0 0.0
03/31998 299-WIS-246U 8.7 1.2 29.7 0.3 0.8 0.0 0.0
04/08/1998 299-W18-246U 1.8 1.6 15.2 0.2 0.8 1.3 0.0
05/08/1998 299-W18-246U 1.4 1.2 22.4 0.2 1.5 0.0 0.0
05/13/1998 299-W18-246U 1.6 1.1 23.4 0.2 2.0 0.0 0.0
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'Table B-2. Characterhation Data for IudivIdu E etdon Wells In the
216-Z-1V/Z-2 Wellied, Mfay 1992-Sep 7"b ' 1. (5 Pages)

Dote wen and Intava Vacuum* Flow CCd4 CX "I CHC16 CH2CI2 MEK
(oft) (MI/min) (p v) y) mv) (Pmv) (PMV)

OU25/2001 29-18-246U 1.5 0.4 21. 9 0.4 0.0 0.2
06/27n200 299-W18-246U 1.6 0.4 16.2 0.2 0.0 0.1
07/03=201 299-WI8-246U 1.4 0.3 12:6 0.1 0.0 0.2
07111201 299-WIS-246U 1.7 0.4 13.3 0.0 0.0 0.1
OSA)8/1996 299-WI8-247L 17.9 1.4 2.9 0.0 0.0 10.0
09/19/1996 299-WIS-247L 16.9 2.5 1.4 (0 11.6 0.0 10.1
05=081996 299-WIS-247U 20.4 0.4 5.2 ( 0.0 0.0 0.0
09/19/1996 299-WI8-247U 19.9 0.0 4.7 (0 1.7 0.1 0.0
07/11/1994 299-W18-249 21.2 13.5 108.0 12P 0.0 1.7 0.5
02/15/1995 299-WM8249 18.4 14.2 93.0 14 1) - - -
03/28/1995 1 299-WIB-249 17.4 14.2 132.0 41 1 o.o u. 0.0
04M05/1996 299-WI8-249 5.7 10.4 2.1 6t'2 0.4 0.0 0.0
09W24/1996 299-W18-249 11.5 9.1 15.7 0 1.3 0.0 0.0
03/3I/998 299-W18-249 7.0 2.7 33.4 01 0.3 0.0 10.0
04"0/199 299-W18-249 1.1 3.2 20.2 00 1.0 0.0 0.0
05/08/1998 299-WIS-249 1.0 3.3 13.6 614 0.9 0.0 0.0
05/13/1998 299-WIS-249 1.1 3.1 15.9 Ol 2.9 0.0 0.0
0/&1999 299-W18-249 2.7 7.3 9.7 10 1.0 0.0 0.1
05AW42001 299-WIB-249 1.9 5.5 19.9 440 0.3 0.0 0.1
05109r200 299-W18-249 2.0 - 5.2 117.6 Oi 1 0.0 0.0 0.0
OS/162001 299-WIB-249 2.5 5.4 16.0 00 1 0.3 0.0 0.0
05/231200I 299-WIS-249 2.0 5.4 17.3 do8 0.1 0.0 0.2
03107/1994 299-W18-252L 30.4 2.7 618.A 142 4.3 6.0 0.2
08WN31995 299-WI8-252L 25.7 3.0 97.0 21 4.0 15.0 0.0
11/16/1995 299-WIS-252L 11.2 2.0 35.0 Q 0.0 0.0 0.0
12r"W1995 299-W18-252L 11.2 - 28.2 0.4 0.2 --
04/M/1996 299-W18-252L 12.2 5.9 141.6 22 0.0 0.0 10.0
05/14/1996 299-WI8-252L 15.9 6.4 25.0 1 0.0 0.0 0.0
07/17/1996 299-W18-252L 18.4 0.0 - I- - --
091/1996 299-W18-252L 13.4 4.2 13.9 04 1.6 0.0 0.0
1HY29/1996 299-W18-252L 9.0 14.2 14.6 17 0.0 0.0 0.0
03MI&998 299-WI8-252L 12.0 0.5 28.9 0.6 0.0 0.0
04M09/1998 299-W18-252L 2.5 0.0 11.7 M 1.5 0.0 0.0
W04/1998 299-WIS-252L 2.5 1.2 123.3 0 0.7 0.0 0.0 1

04/1&1998 299-WIB-252L 2.5 1.2 25.6 0 0.9 0.0 0.0
04/3M1998 299-W1I-252L 2.5 1.4 24.7 1.4 0.0 0.0
05/08/1998 299-W18-252L 1.9 0.7 29.1 O' 1.7 0.0 0.0
05/13/1998 299-W18-252L 1.7 0.9 11.9 :31.6 0.0 1.0
01/05/1994 299-WIS-252U 22.9 4.2 97.0 1 3 0.6 1.2 0.2
OI/06/1994 299-W18-252U 31.6 6.7 527.0 31* 3.6 . 0.

Performance EvaL Report for SVE at the Carbmn Tet. Site, Feb. 1992 - Sqpt 20

BI-0O720
Rev. 6Appendix B - Characterization Data

June 2002 B-16i



BHI-00720
Rev. 6Appendix B - Characterization Data

Table B-2. Characterization Data for Individual Extraction Wells In the
216-Z-1S/Z-12 Weilfield, May 1992-September 2001. (S Pages)

Date Wel and Interval vacmm* Flow CC14  CC 4 Flux CHC1, CH2CI MEK
_____ _______ (kaf) (nMn (ppmv) (kgday) (ppm,) (ppmv) flpwvl

01fMc1994 299-W1S-252U 31.6 6.7 500.0 30.2 --

03/10/1994 299-W18-252U 14.2 5.3 - -. --

0311W1994 299-W18-252U 18.4 5.8 --- --

03/101994 299-W1B-252U 23.7 6.6 - - -

03/011994 299-WIS-252U 28.4 7.3 547.0 36.1 - -

03/101994 299-W18-252U 32.6 7.6 - -- -

05/16/1994 299-W1B-252U 24.2 6.7 368.0 22.2 0.0 0.0 0.0
05/17/1994 299-W18-252U 23.9 6.8 440.0 27.0 0.0 4.0 0.0
05/18/1994 299-W18-252U 23.9 6.6 395.0 23.5 0.0 4.0 0.0
05/19/1994 299-W18-252U 23.7 6.7 404.0 24.5 0.0 4.0 0.0
12M0/11994 299-W18-252U 25.2 8.7 106.0 8.3 1.0 -- 0.0
05/11/1995 299-W18-252U 6.7 2.6 - -- - I .-- --

05111/1995 299-W18-252U 8.7 4.0 143.0 5.2 0.0 .0 --

05/11/1995 299-W18-252U 11.0 5.2 182.0 8.5 7.0 10.0 -
05/11/1995 299-W18-252U 13.7 6.2 239.0 13.4 9.0 13.0 -

05/11/1995 299-W18-252U 17.4 6.6 234.0 14.1 8.0 12.0 -

05/11/1995 299-W18-252U 21.2 7.3 235.0 15.6 9.0 13.0 -

05/11/1995 299-W1S-252U 24.4 7.9 242.0 17.3 9.0 14.0 -
05/11/1995 299-W18-252U 28.1 8.4 241.0 18.4 9.0 14.0 -

08/03/1995 299-W18-252U 24.9 6.5 53.0 3.1 2.0 3.0 0.0
06/12/1996 299-WIB-252U 11.2 6.6 5.4 0.3 4.0 0.0 0.0
09/18/1996 299-W18-252U 24.2 6.1 7.2 0.4 1.7 0.0 0.0
10129/1996 299-W18-252U1 4.5 10.8 10.4 1.0 0.0 0.0 0.0
07/21/1997 299-W1S-252U 3.7 4.2 41.5 1.6 44 0.0 0.0
0724/1997 299-W18-252U 4.7 3.6 25.8 0.8 3.1 0.o 0.0
(Y7/28/1997 299-W1B-252U 4.2 3.5 11.4 0.4 14.1 0.0 0.0
07/31/1997 299-W1S-252U 5.0 4.0 18.4 0.3 2-6 0.0 0.0
03i30'1998 299-W18-252U 9.0 1.7 35.7 0.5 0.9 0.0 0.0
04"0/1998 299-WIB-2520 2.2 1.74 33.2 0.5 1.6 0.0 0.0 1
05/08/1998 299-W18-252U 2.0 1.1 28.4 0.3 2.0 0.0 0.0
05/13/1998 299-W18-252U 2.0 0.4 27.2 0.1 2.7 0.0 0.0

*After 615/95, all mesuremenw made at the wellhead.
"Odyuey analysis.
b Afterjet perfcamng.
C04 -crbn tetradiodide
CHC13 - chloroform
CH2C12 methylene chloride
MEK = methyl ethyl ketone

B-17
Performance Eval. Report for SVEat the Carbon Tet. Site, Feb. 1992 - Sept. 2001
June 2002



BHI-00720

Rev. 6Appendix B - Characterization Data

'lbIe B-3. Characterization Data for Individual E n Wells In the
216-Z-9 Welflfeld, March 1993-September (13 Page.)

Dat Wen and Intral Vaeunm* Fow CCI. C CHC16 CH2C2  MEK
(kfa) ( 3 /lmb) (ppm) qpmv) (PPM.) uv)

08/22/1995 299-W15-6L(d) 21.2 3.5 79.6 2 1.0 4.6 0.1
11/28/1995 299-W15-6L(d) 13.7 2.6 35.3 0.8 3.0 5.7 0.0
12r201995 299-W15-6L(d) 21.7 - 30.5 0.3 4.9 -
05/02/1996 299-W15-6L(d) 16.9 2.8 24.4 j 1 [ 0.0 2.3 0.0
05/14/1996 299-W15-6L(d) 22.9 3.6 26.4 0.0 2.5 0.0
07/23/1996 299-W15-6L(d) 17.9 3.3 15.3 1.2 1.1 0.0
09/10/1996 299-WI5-6L(d) 19.9 4.8 14.6 0.0 1.7 0.0
10/29/1996 299-W15-6L(d) 8.7 2.5 14.2 0.0 2.0 0.0
07/18/1997 299-W15-6L(d) 10.0 2.7 20.2 3.9 0.0 0.0
07/21/1997 299-W15-6L(d) 8.0 2.4 20.3 2.9 1.3 0.0
07124/1997 299-W15-6L(d) 11.0 2.2 22.6 - 2.9 0.0 0.0
07/28/1997 299-W15-6L(d) 12.5 3.0 20.6 3.8 0.0 0.0
07/31/1997 299-W15-6L(d) 10.0 2.9 20. - 1.9 0.0 0.0
09/26/1997 299-W15-6L(d) 10.5 2.0 16.$ 0 3.4 0.0 0.0
07/301998 299-W15.6L(d) 9.5 2.1 17.6 1.7 1.8 0.0
08125/1998 299-W15-6L(d) 10.5 2.9 18.1 O 0.9 1.2 0.0
09/03/1998 299-W15-OL(d) 4.5 1.6 18.1 Di 1.8 1.4 0.0
09/14/1998 299-W15-6L(d) 4.5 1.7 17.0 O 0.8 1.5 0.0
09/22/1998 299-W15-EL(d) 3.0 1.3 14.5 O 1.4 1.6 0.0
09/301998 299-W15-6L(d) 2.5 1.4 17.9 0 0.6 2.1 0.0
04/15/1999 299-W15-6L(d) 14.9 3.4 12.0 0 E 0.0 0.0 0.0
04/21/1999 299-W15-6L(d) 11.7 2.8 22.4 0 0.0 5.6 0.0
04/28/1999 299-W15-OL(d) 14.9 3.3 22.0 0. 0.0 4.7 0.0
05/03/1999 299-W15-6L(d) 14.9 3.1 22.3 O: 1.4 3.9 0.0
05/1011999 299-W15-6L(d) 13.7 2.8 21.8 0O 0.0 5.2 0.0
05/17/1999 299-W15-6L(d) 14.4 2.9 22.4 0 0.0 6.2 0.0
05/25/1999 299-W15-6L(d) 20.7 3.5 21.1 0 0.0 6.1 0.0
06/01/1999 299-W15-6L(d) 20.4 3.8 20.7 0 0.0 4.6 0.0
06/101999 299-W15-6L(d) 19.7 3.5 19.6 0 0.0 5.4 0.0
06/15/1999 299-W15-6L(d) 12.0 2.5 20.0 0 . 0.0 6.3 0.0
06/21/1999 299-W15-6L(d) 13.4 3.0 19.1 0 0.0 7.0 0.0
06/25/1999 299-W15-6L(d) 10.0 2.5 19.7 0 1.4 4.3 0.0
08/22/1995 299-W15-6U(d) 19.9 4.3 15.3 0 0.0 0.0 0.0
05/02/1996 299-W15-6U(d) 16.2 3.2 1.8 0. 0.0 0.0 0.0
09/12/1996 299-W15-6U(d) 17.9 4.6 0.0 0._ 1.1 0.0 0.0
10/29/1996 299-W15-6U(d) 7.5 2.4 0.0 0 0.0 0.0 0.0
12/02/1994 299-W15-8L 24.9 1.5 119.0 1. 5.0 -- 0.0
02/01/1995 299-W15-8L 26.4 0.7 - --

02/10/1995 299-W15-8L 26.9 1.2 22.0 3.9 2.7 1.0
03/09/1995 299-W15-8 alpha -- - -- --

Performance EvaL. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sep. 20M
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'able B-3. Characterization Data for Individual Extraction Wells in the
216-Z-9 Weflleld, March 1993-September 2001. (13 Pages)

Vacm* Flow CC 4  CCi Flux CHC6 CH2CI2  MEK
Date Wa and _n__a_ (kPa) (zn?/ndn) (ppmv) (kg/day) (pmnv) (ppmv) rMr)

12/02/1994 299-W15-9L 24.9 1.4 110.0 1.4 5.0 -- 0.0

02101/1995 299-W15-9L 26.4 1.0 -- -- - -- -

02/101995 299-W15-9L 27.6 1.0 93.0 0.9 5.7 4.9 1.0

07/101995 299-W15-9L(d) 13.7 1.4 63.0 0.8 14 4.0 0.5

05/03/1996 299-W15-9L(d) 17.4 1.6 14.2 0.2 0.0 0.0 0.0

05/14/1996 299-W15-9L(d) 274 2.1 19.4 0.4 0.0 0.0 0.0

09/12/1996 299-W15-9L(d) 19.7 2.4 11.4 0.3 1.3 0.0 0.0

10/29/1996 299-W15-9L(d) 10.0 2.0 9.7 0.2 0.0 0.0 0.0

07/18/1997 299-W15-9L(d) 16.2 1.7 19.8 0.3 2.2 0.0 0.0

07/21/1997 299-W15-9L(d) 19.4 1.8 21.3 0.3 3.6 0.0 0.0

07/24/1997 299-W15-9L(d) 21.2 2.1 21.0 0.4 1.4 0.0 0.0

07/28/1997 299-W15-9L(d) 20.9 2.7 14.8 0.4 3.3 0.0 0.0

07/31/1997 299-W15-9L(d) 194 24 14.5 0.3 3.7 0.0 0.0

09/26/1997 299-W15-9L(d) 18.7 2.5 12.6 0.3 2.8 0.0 0.0

07/1011998 299-W15-9L(d) 19.4 2.3 16.7 0.4 2.5 0.0 0.0

07/311998 299-W15-9L(d) 19.4 1.7 19.3 0.3 1.7 1.0 0.5

08/25/1998 299-W15-9L(d) 17.7 2.0 15.0 0.3 1.5 0.0 0.0

09/03/1998 299-W15-9L(d) 10.0 1.3 15.3 0.2 1.3 0.0 0.0

09/14/1998 299-W15-9L(d) 10.0 1.4 13.4 0.2 1.3 0.0 0.0

09/22/1998 299-W15-9L(d) 5.5 0.9 94 0.1 1.1 0.0 0.0

09/301998 299-W15-9L(d) 5.5 0.9 12.1 0.1 1.4 0.0 0.0

03/30/1999 299-W15-9L(d) 23.4 2.6 15.5 0.4 0.0 0.0 0.0

04105/1999 299-W15-9L(d) 23.7 2.4 16.1 0.3 0.0 NA NA

04/12/1999 299-W15-9L(d) 224 2.5 17.7 0.4 0.0 0.0 0.0

04/21/1999 299-W15-9L(d) 18.9 2.0 19.9 0.4 0.0 4.1 0.0

04/28/1999 299-W15-9L(d) 24.7 2.4 17.3 0.4 0.0 2.8 0.0

05103/1999 299-W15-9L(d) 24.2 2.1 22.0 0.4 1.2 2.7 0.0

05/10/1999 299-W15-9L(d) 23.9 2.4 17.5 0.4 0.0 3.6 0.0

05/17/1999 299-W15-9L(d) 22.7 1.7 17.8 0.3 0.0 4.2 0.0

05/25/1999 299-W15-9L(d) 23.4 2.1 18.9 0.4 0.0 5.0 0.0

06/01/1999 299-W15-9L(d) 22.9 2.2 18.7 0.4 0.0 2.6 0.0

06/10/1999 299-W15-9L(d) 22.7 2.1 16.9 0.3 0.0 3.4 0.0

06/15/1999 299-W15-9L(d) 13.0 1.4 17.7 0.2 0.0 4.1 0.0

06/21/1999 299-W15-9L(d) 14.9 1.9 16.2 0.3 0.0 4.8 0.0

06/25/1999 299-W15-9L(d) 10.5 1.3 16.0 0.2 2.1 1.2 0.0

07/23/2001 299-W15-9L(d) 26.9 1.6 20.7 0.3 0.4 1.7 0.4

08/01/2001 299-W15-9L(d) 14.4 1.4 22.2 0.3 0.4 0.5 0.1

08/08/2001 299-W15-9L(d) 14.9 1.4 22.1 0.3 0.2 1.0 0.2

08/22/2001 299-WI5-9L(d) 14.9 1.2 24.9 0.3 0.2 1.6 0.3

09/05/2001 299-W15-9I(d) 19.9 1.4 28.3 0.4 0.3 1.7 0.2
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'Ible B-3. Characterylation Data for IndhYdnal E n Wells in the
216-Z-9 Welfield, March 1993-September . (13 Page )

Vacuum* low cmi Ca CmC CH2C2  MEKDate WeD a(d Interval k) (u 3/mvn) __) ) M_) M_) )
09/12/2001 299-W15-9L(d) 8.2 0.8 237 0.4 1.6 0.4
09t20201 299-W15-9L(d) 8.7 0.8 216 0.2 0.9 0.2
08/02/1995 299-W15-91J(d) 17.9 2.2 972 34 6.7 1.3
11/28/1995 299-W15-9U(d) 13.4 1.1 26.0 1.1 0.1 0.0
12/22/1995 299-W15-9U(d) 15.2 -- 32.5 0.0 1.7 -
05/03/1996 299-W15-9U(d) 17.9 1.4 68.2 0.0 0.0 0.0
09/12/1996 299-W15-9U(d) 21.7 1.6 489 1.6 0.0 0.0
1W29/1996 299-W15-9U(d) 10.7 1.3 8.1 0.0 1.1. 1.1
09/26/1997 299-W15-9U(d) 19.7 1.4 8.4 1.7 0.0 0.0
07/1Y1998 299-W15-9U(d) 19.9 2.0 29.6 1.9 0.0 0.0
07/3W1998 299-W15-9U(d) 184 2.0 33.5 1.9 0.0 0.5
08/25/1998 299-W15-9U(d) 19.4 1.8 16.3 1A 0.0 0.0
03/31999 299-W15-9U(d) 23.9 2.5 34.8 0.0 0.0 0.0
04/05/1999 299-W15-9U(d) 24.9 2.1 175 0.0 NA NA
04/12/1999 299-W15-9U(d) 23.7 2.1 11.2 0.0 0.0 0.0
04/21/1999 299-W15-9U(d) 18.9 1.8 14.1 l 0.0 2.7 0.0
04/28/1999 299-W15-9U(d) 24.7 2.1 12.8 0 0.0 1.2 0.0
05/03/1999 299-W15-9U(d) 24.9 1.7 15.3 1.3 1.9 0.0
05/101999 299-W15-9U(d) 23.7 2.0 11.8 1.3 1.5 0.0
05/17/1999 299-W15-9U(d) 23.9 1.8 11.5 0.0 2.7 0.0
05/25/1999 299-W15-9U(d) 22.9 1.6 11.7 0.0 3.3 0.0
06/01/1999 299-W15-9U(d) 23.7 1.8 11.3 - 0.0 1.5 0.0
06/10/1999 299-W15-9U(d) 22.4 1.6 10.5 0.0 2.1 0.0
06/15/1999 299-W15-9U(d) 13.4 0.9 10.7 1.1 1.9 0.0
06/21/1999 299-W15-9U(d) 14.9 1.1 11.1 0.0 3.4 0.0
07/23/2001 299-W15-9U(d) 29.1 1.2 150.0 1.8 64 0.7
08/01/2001 299-W15-9U(d) 14.9 0.8 42.4 0.7 0.9 0.2
08/08/2001 299-W15-9U(d) 15.2 1.1 29.0 04 0.6 0.2
08/22/2001 299-W15-9U(d) 14.9 0.8 21.4 - 0.1 0.7 0.3
09/05/2001 299-W15-9U(d) 20.9 1.1 23.5 0.2 0.0 0.1
09/12/2001 299-W15-9U(d) 8.5 0.4 27.4 0 0.2 0.1 0.3
09/22001 299-W15-9U(d) 9.0 0.4 25.8 0.3 0.0 0.0
03/31/1993 299-W15-82(a)(b) 31.9 0.7 11848.0 -- -- -
04/01/1993 299-W15-82(a)(c) - 1.6 8208.0 11 9 - --
04/12/1993 299-W15-82(a)(c) - -- 610-.0 - -- -
04/28/1993 299-W15-82 6.5 2.0 2-- -

06/03/1993 299-W15-82 17.2 7.2 28500.0 1 .2 -- - -
02/23/1994 299-W1S-82 3.2 1.4 23000.0 1 113.0 114.0 3.9
02/23/1994 299-W15-82(b) 3.2 1.4 - 16.1 24.6 --

02/24/1994 299-W15-82 3.2 1.4 25300.0 31 7 106.0 139.0 4.1
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'Table B-3. Characterization Data for Individual Extraction Wells in the
216-79 WeIlfld, March 1993-September 2001. (13 Pages)

VaCUUn* Plow CC14 CC4 Flux CHC6 CH2Ch2  MEK
Date Well andInterv (kPa) (al") (ppmv) (kg/day) ir) 4gmv) Jima)

0224/1994 299-W15-82(b) 3.2 1.4 - -- 25.0 25.0 -
05/10/1994 299-W15-82 5.0 - 20300.0 - 102.0 115.0 2.4
05/11/1994 299-W15-82 5.2 - 19800.0 - 99.2 118.0 2.8
06/01/1994 299-W15-82 11.5 - 11700.0 - 69.8 74.7 2.0
06/10/1994 299-W15-82 24.9 - 8040.0 -- 68.3 61.6 2.0
09/06/1994 299-W15-82 28.9 8.2 5240.0 387.4 56.3 28.8 1.3
1026/1994 299-W15-82 29.9 10.4 1550.0 145.6 59.7 81.9 5.8
11122/1994 299-W15-82 30.9 10.3 582.0 54.1 29.0 -- 3.0
01/31/1995 299-W15-82 25.7 9.1 -- -- -- -- -
02/08/1995 299-W15-82 25.2 9.1 378.0 31.2 20.9 22.5 3.6
05/12/1995 299-W15-82 24.9 7.6 279.0 19.2 7.3 14.8 1.3
08/01/1995 299-W15-82 19.9 4.9 94.5 4.2 3.3 6.3 1.2
11/29/1995 299-W15-82 17.7 2.7 155.0 3.8 7.1 10.6 0.9
12M201995 299-W15-82 19.7 -- 143.0 -- 1.0 1.2 --
04/25/1996 299-W15-82 23.9 2.3 180.0 3.7 0.0 0.0 0.0
07/19/1996 299-W15-82 20.9 2.2 87.3 1.7 2.0 0.0 0.0
09/10/1996 299-W15-82 24.9 3.2 43.9 1.3 0.0 0.0 0.0
1029/1996 299-W15-82 13.4 1.9 28.5 0.5 1.2 0.0 0.0
07/18/1997 299-W15-82 15.9 1.6 106.0 1.5 2.8 6.7 0.0
07/21/1997 299-W15-82 13.7 2.1 46.8 0.9 4.1 0.0 0.0
07/24/1997 299-W15-82 16.9 1.9 170.0 2.9 4.2 0.0 0.0
07/28/1997 299-W15-82 16.7 1.8 126.0 2.0 3.8 0.0 0.0
07/31/1997 299-W15-82 18.4 1.8 116.0 1.9 4.0 0.0 0.0
09MI61997 299-W15-82 14.9 1.5 19.7 0.3 1.6 0.0 0.0
07/10(1998 299-W15-82 17.4 2.1 196.0 3.8 3.5 11.0 0.0
07/30/1998 299-W15-82 12.5 1.6 153.0 2.2 44 0.0 0.1
08125/1998 299-W15-82 12.7 1.6 89.9 1.3 2.1 0.0 0.0
09/03/1998 299-W15-82 6.2 0.8 70.0 0.5 2.4 0.0 0.0
09/14/1998 299-W15-82 6.5 0.9 40.7 0.3 1.7 0.0 0.0
09/22/1998 299-W15-82 4.0 0.5 414 0.2 1.8 0.0 0.0
09/30/1998 299-W15-82 3.7 0.5 56.7 0.3 1.3 0.0 0.0
03/3W1999 299-W15-82 20.4 1.8 167.0 2.7 1.4 0.0 0.0
04/05/1999 299-W15-82 21.4 2.2 136.0 2.8 0.0 NA NA
04/12/1999 299-W15-82 21.2 2.0 118.0 2.2 2.1 0.0 0.0
04/21/1999 299-W15-82 13.7 1.7 119.0 1.8 0.0 0.0 0.0
04/28/1999 299-W15-82 17.9 1.7 102.0 1.6 0.0 0.0 0.0
05/03/1999 299-W15-82 17.2 1.6 95.4 1.3 1.1 0.0 0.0
05/10/1999 299-W15-82 174 1.6 91.1 1.4 0.0 0.0 0.0
05/17/1999 299-W15-82 16.9 1.7 86.6 1.3 0.0 0.0 0.0
05/25/1999 299-W15-82 17.2 1.6 83.6 1.2 0.0 1.6 0.0
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Table B-3. Characterization Data for Indivi4ual E on Wells in the
216-Z-9 Welffield, March 1993-September 209. (13 Page.)

Date Wed an Itrva Vacuum* Flow CC Co CHCI3 CH2C 2  MEK
a(ki) (d/inJ) (ppiv) ) (ppMv) (ppmv) (ppmv)

06/01/1999 299-W15-82 17.2 1.6 80.0 i 0.0 0.0 0.0
06/101999 299-W15-82 15.9 1.6 76.2 i 0.0 0.0 0.0
06/15/1999 299-W15-82 10.0 1.0 74.5 01 0.0 2.0 0.0
0621/1999 299-W!5-82 11.5 1.1 76.3 0 j 0.0 2.8 0.0
06/25/1999 299-W15-82 10.5 0.8 66.4 0 1.4 0.0 0.0
07/23/2001 299-W15-82 24.4 1.9 154,0 Z 1 1.7 12.9 0.9
08/01/2001 299-W15-82 13.4 1.0 428.0 3 5.9 12.8 1.4
08108/2001 299-W15-82 13.7 1.1 325,0 33 4.1 5.1 1.0
08/22/2001 299-W15-82 13.4 1.2 2200 2 2.3 1.7 0.6
09/05/2001 299-W15-82 16.9 1.4 227.0 3 3.4 1.6 0.6
09/12/2001 299-W15-82 7.5 0.5 2130 1 3.3 1.7 0.8
09/2W2001 299-W15-82 8.2 0.5 2021 IF 3.1 0.9 0.6
09/12/2001 299-W15-84L 7.7 1.8 23.1 0 0.2 0.5 0.3
09/2g/2001 299-W15-84L 8.7 1.9 25.9 ON4 0.2 0.3 0.2
04/02/1993 299-W15-84U(a) 31.9 0.0 - - - -

04/29/1993 299-W15-84U 5.0 2.1 8475.0 1,2 - -

03/01/1994 299.W15-84U 16.2 9.1 823(.0 69 51.7 58.8 1.6
03/01/1994 299-W15-84U(b) 16.2 9.1 - 4+ 32.8 6.0 -
03/01/1994 299-W15-84U 10.0 2.7 7100.0 17 '8 43.6 51.5 1.4
03/01/1994 299-W15-84U(b) 10.0 2.7 -- 4 46.7 5.3 --
03/02/1994 299-W15-84U 10.0 5.8 991.0 5. 57.4 69.2 2.2
03/02/1994 299-W15-84U(b) 10.0 5.8 - 64.8 6.8 -
05/101994 299-W15-84U 5.0 -- 17200.0 - 83.3 100.0 2.0
05/11/1994 299-W15-84U 5.2 --- 16300.0 - 79.3 100.0 3.0
06/01/1994 299-W15-84U 11.5 - 15010 31.7 37.8 1.9
06/101994 299-W15-84U 24.9 -- 4470 37.5 38.7 2.0
09/061994 299-W15-84U 25.2 12.5 444.0 50 7.4 6.9 0.5
1/1994 299-W15-84U 28.1 13.3 787.0 94 32.5 45.7 3.3
11/22/1994 299-W15-84U 26.4 13.5 348.0 427 17.0 - 1.0
01/31/1995 299-W15-84U 26.7 12.5 - .. -- -- -
02/08/1995 299-W15-84U 25.9 13.3 166.0 19 1 11.9 13.0 2.2
08/02/1995 299-W15-84U 14.9 11.9 54.7 5. 1 2.0 4.5 0.6
04/25/1996 299-W15-84U 11.7 12.9 0.0 04 1 0.0 0.0 0.0
09/12/1996 299-W15-84U 6.7 7.0 0.0 M 1.6 0.0 0.0
1W29/1996 299.W15-84U 10.5 10.0 1.6 0, j 0.0 0.0 0.0
09/26/1997 299-W15-84U 18.7 0.7 20.8 0. 24 0.0 0.0
09/03/1998 299-W15-84U 3.0 4.2 15.2 0 1.0 0.8 0.0
09/14/1998 299-W15-84U 4.2 4.6 13.3 1.9 0.0 0.0
09/22/1998 299-W15-84U 3.2 4.1 12.8 0 1 0.7 1.4 0.2
09/30/1998 299-W15-84U 2.2 4.2 39.0 1 1.5 5.1 0.0
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'ible B-3. Characterization Data fAr Individual Extraction Wells In the
216-Z-9 Weilfiled, March 1993.September 2001. (13 Pap.)

Vacuum* Flow CC14 CC. Flux CHCI6 CH2C2  MEK
Date wen ad inteval (fa) (nIml) (ppm) (day) ppm) (ppmv) pmy)

0622J1999 299-W15-84U 3.5 3.3 0.0 0.0 0.0 16.0 0.0

04/021993 299-W15-85(a) 32.4 0.0 -- - - -- -

04/05/1993 299-W15-85(a) 30.6 0.0 - - - - -

04/30/1993 299-W15-85 4.2 2.1 16700.0 321.5 - - -

03/03/1994 299-W15-85 22.9 6.5 10400.0 614.0 60.3 55.3 1.3

003/3/1994 299-W15-85(b) 22.9 6.5 - - 16.1 5.5 -

03/03/1994 299-W15-85 154 2.7 12600.0 310.5 59.1 76.6 2.2

03/03/1994 299-W15-85(b) 15.4 2.7 - - 12.9 64 -

09/06f1994 299-W15-85 28.6 6.1 256.0 14.2 4.8 1.0 0.3

1&26/1994 299-W1S-85 32.4 7.5 237.0 16.1 10.8 15.3 1.2

11/22/1994 299-W15-85 29.9 74 111.0 7.4 5.0 -- 0.0

01/31/1995 299-W15-85 25.9 5.5 - - - - -

02/08/1995 299-W15-85 25.2 6.7 86.0 5.2 7.1 74 1.7

05/16/1995 299-W15-85 25.9 8.6 41.1 3.2 0.6 2.7 1.0

08/02/1995 299-WIS-85 17.9 4.7 18.0 0.8 1.3 2.1 0.6

04/11996 299-W15-85 22.4 8.6 47.5 3.7 0.0 0.0 0.0

07/19/1996 299-W15-85 20.9 5.2 97.0 4.5 2.8 0.0 0.0

09/12/1996 299-W15-85 234 6.6 644 3.9 1.2 0.0 0.0

1029/1996 299-W15-85 10.5 24 6.2 0.1 0.0 0.0 0-0

09/26/1997 299-W15-85 17.4 5.4 22.0 1.1 2.6 0.0 0.0

0922/1998 299-W15-85 4.0 2.2 1.1 0.0 1.1 0.0 0.0

09/301998 299-W15-85 3.2 3.5 0.8 0.0 1.4 0.0 0.0

08/22/1995 299-W15-86(d) 18.7 8.6 215.0 16.8 4.9 10.9 0.7

11/29/1995 299-W15-86(d) 18.7 5.4 59.7 2.9 4.1 6.8 0.6

12/22/1995 299-W15-86(d) 224 - 49.0 - 0.5 2.9 -

05/07/1996 299-W15-86(d) 19.7 4.6 2.5 0.1 0.0 0.0 0.0

09/16/1996 299-W15-86(d) 15.4 6.5 65.9 3.9 1.5 0.0 0.0

1029/1996 299-W15-86(d) 16.2 8.0 41.8 3.0 1.2 1.7 0.0

07/18/1997 299-W15-86(d) 15.2 4.8 138.0 6.0 4.2 0.0 0.0

07/21/1997 299-W15-86(d) 12.5 5.1 111.0 5.1 34 0.0 0.0

07/24/1997 299-W15-86(d) 164 4.9 57.8 2.6 3.5 0.0 0.0

07/28/1997 299-W15-86(d) 13.9 4.7 69.6 3.0 5 1 0.0 0.0

07/31/1997 299-W15-86(d) 16.7 4.7 62.5 2.7 2.8 0.0 0.0

09/26/1997 299-W15-86(d) 14.9 4.5 34.9 14 2.1 0.0 0.0

07/30/1998 299-W15-6(d) 13.0 4.1 107.0 4.0 2.2 0.0 0.0

08(25/1998 299-W15-86(d) 13.9 4.3 37.2 1.5 1.5 0.0 0.0

09/03/1998 299-W15-86(d) 7.5 0.3 1.5 0.0 0.2 0.0 0.1

09/14/1998 299-W15-86(d) 8.2 0.3 0.1 0.0 0.6 0.0 0.0

04/15/1999 299-W15-86(d) 13.7 3.8 4.0 0.1 1.4 0.0 0.0

04/21/1999 299-W15-86(d) 14.9 3.4 64.3 2.0 0.0 4.4 0.0
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Table B-3. Characterlzaton Data for IndIvidual on Wells in the
216-Z-9 Weilfld, Mardh 1993-Septeniber . (13 Page.)

Date wel aw interval Vacum* Flow COM C CHCI3 CH2C12 MEK
(kPa) (m3/8") (ppm,) )X fmv) (ppm') i y)

04/28/1999 299-W15-86(d) 19.9 4.5 59.3 0.0 3.2 0.0
05/03/1999 299-W15-86(d) 19.9 4.8 54.7 0.0 3.4 0.0
05/10/1999 299-WI5-86(d) 19.9 4.8 48.5 0.0 3.2 0.0
05/17/1999 299-W15-86(d) 19.2 4.8 46.4 0.0 5.9 0.0
05/25/1999 299-W15-86(d) 18.9 4.7 45.7 ITO 0.0 4.9 0.0
06/01/1999 299-W15-86(d) 18.7 4.5 43.6 0 0.0 4.0 0.0
06/10/1999 299-W15-86(d) 17.9 44 41.0 0.0 44 0.0
06/15/1999 299-WI5-86(d) 9.0 2.8 38.8 1 _ 0.0 5.4 0.0
06/21/1999 299-W15-86(d) 9.5 3.0 39.0 _ _ 0.0 6.6 0.0
06/25/1999 299-W15-86(d) 7.5 2.6 35.9 0l 1.0 3.0 0.0
09/05/2001 299-W15-86(d) 9.7 2.4 77.0 11 10 1.5 0.3
09/1212001 299-W15-86(d) 7.5 2.0 73.5 1S 1.1 1.6 0.5
09/20/2001 299-W15-86(d) 8.5 2.1 68.7 0.8 1.0 0.3
09/05/2001 299-W15-95L 7.5 3.8 25.7 0.1 2.4 0.3
09/12/2001 299-W15-95L 5.2 3.2 24.3 0 04 2.4 0.3
09/20/2001 299-W15-95L 5.7 3.1 23.6 O 7 0.2 2.2 0.2
04/05/1993 299-W15-95U(a) 30.6 0.0 - - -- --
04/13/1993 299-WI5-95U(aXc) -- 0.6 14320.0 7j - - -

04/14/1993 299-W15-95U(a)(c) -- 0.6 624. - - -

04/28/1993 299-W15-95U 29.4 1.0 10700.0 9- -- --
03/08/1994 299-W15-95U 26.2 0.6 11900.0 641 60.9 67.3 1.6
03/08/1994 299-W15-95U(b) 26.2 0.6 - 12.6 4.6 --
05/18/1994 299-W15-95U 25.7 2.1 874%0 1 44.9 49.6 0.0
06/01/1994 299-W15-95U 11.5 -- 4530.0 21.9 30.3 0.6
06/10/1994 299-W15-95U 24.9 - 211.0 14.1 18.4 1.3
09/06/1994 299-W15-95U 24.7 1.8 444.0 1 6.4 5.3 0.4
1O26/1994 299-W15-95U 28.1 2.3 330.0 6 14.5 19.6 1.6
11/22/1994 299-W15-95U 26.9 2.1 249.0 4 11.0 -- 0.0
01/31/1995 299-W15-95U 27.9 1.5 -- - - -

02/10/1995 299-W15-95U 29.4 1.6 211.0 3 10.9 12.4 1.4
05/02/1996 299-W15-95U(d) 14.9 9.9 1.7 0 0.0 0.0 o.o
09/11/1996 299-W15-95U(d) 15.9 9.1 1.0 0 14 0.0 0.0
10/29/1996 299-W15-95U(d) 9.5 3.3 0.0 0 1.6 0.0 0.0
09/26/1997 299-W15-95U(d) 19.9 2.4 33.6 0 3.4 0.0 0.0
09/03/1998 299-W15-95U(d) 5.5 5.0 6.9 0 1.2 0.0 0.0
09/14/1998 299-W15-95U(d) 6.5 4.8 0.4 0 1.3 0.0 0.0
06/22/1999 299-W15-95U(d) 6.0 3.3 0.0 0.0 13.3 0.0
03/17/1994 299-W15-216L 26.4 2.4 878.0 1 3.9 6.9 0.7
03/17/1994 299-W15-216L(b) 26.4 24 -1 0.2 0.1 --
02/02/1995 299-W15-216L 28.1 2.0 - - - --
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'hble B-3. CharacterIzation Data for Individual Extraction Wells in the
216-Z-9 Wellfeld, March 1993-September 2001. (13 Pages)

te Wol and Interval Vacuu Flew CC14 CC4 Flax CHC CH2C2 MEK
Date__ We____ntr_ (kPa) (m'n/tn) (ppav) (kg/day) ppv) (ppmv) pmv)

02/14/1995 299-W15-216L 27.1 2.0 139.0 2.6 6.5 7.4 1.1
07/10/1995 299-W15-216L 21.2 0.8 77.5 0.5 1.9 3.9 0.7
11/28/1995 299-W15-216L 18.7 0.7 39.7 0.2 0.0 0.9 0.0
12/2=1995 299-W15-216L 19.4 - 32.7 -- 0.3 1.2 --
04/19/1996 299-W15-216L 23.2 1.4 17.8 0.2 . 0.0 0.0 0.0
05/14/1996 299-W15-216L 22.4 0.8 27.3 0.2 0.0 0.0 0.0
09/11/1996 299-W15-216L 18.7 1.6 9.5 0.1 2.0 0.0 0.0
1012911996 299-W15-216L 14.4 1.4 11.3 0.1 0.0 0.0 0.0
09/30/1997 299-W15-216L 14.9 1.7 5.5 0.1 5.6 0.0 0.0
09/22/1998 299-W15-216L 4.7 1.1 5.3 0.1 1.0 0.0 0.0
09/341998 299-W15-216L 4.5 1.1 5.7 0.1 0.2 0.0 0.0
03/18/1994 299-W15-216U 26.7 5.6 1410.0 70.9 9.2 8.8 0.0
03/18/1994 299-W15-216U(b) 26.7 5.6 -- - 4.4 0.2 -
02A02/1995 299-W15-216U 23.9 7.2 - - -
02/14/1995 299-W15-216U 25.4 7.6 40.0 2.8 3.9 2.5 0.9
07/10/1995 299-W15-216U 19.9 8.1 24.0 1.8 0.1 0.6 0.0
04/19/1996 299-W15-216U 18.4 6.5 14.9 0.9 0.0 0.0 0.0
07123/1996 299-W15-216U 20.2 6.1 4.7 0.3 1.4 0.0 0.0
09/11/1996 299-W15-216U 16.2 7.0 7.1 0.4 1.7 0.0 0.0
10/29/1996 299-W15-216U 8.7 5.7 12.0 0.6 0.0 0.0 0.0
09/3011997 299-W15-216U 13.9 1.9 3.2 0.1 4.3 0.0 0.0
09/22/1998 299-W15-216U 3.2 2.7 6.5 0.2 1.2 0.0 0.0
09/301998 299-W15-216U 3.0 2.8 4.8 0.1 0.6 0.0 0.0
05/04/1993 299-W15-217 15.4 2.1 18200.0 350.4 - -- -

05/05/1993 299-W15-217 32.4 4.4 23800.0 959.2 - - --

05/10/1993 299-W15-217 29.6 5.3 23000.0 1098.1 - - -

05/11/1993 299-W15-217 23.7 5.0 25500.0 1165.1 - - -

03/04/1994 299-W15-217 7.0 1.1 15500.0 159.2 76.0 88.9 2.9
03/04/1994 299-W15-217(b) 7.0 1.1 - - 15.1 3.5 -
03/04/1994 299-W15-217 10.2 2.1 16300.0 313.8 74.4 96.7 3.9
03/04/1994 299-Wi5-217(b) 10.2 2.1 -- -- 24:7 3.7 --
03/04/1994 299-W15-217 15.2 2.7 20300.0 495.0 93.2 112.0 3.9
03/04/1994 299-W15-217(b) 15.2 2.7 - - 18.5 3.0 --
03/04/1994 299-W15-217 18.2 2.8 21400.0 549.3 104.0 122.0 3.7
03/04/1994 299-W15-217(b) 18.2 2.8 - - 113 2.9 -

05/101994 299-W15-217 5.0 - 7070.0 - 44.5 47.1 1.9
05/11/1994 299-W15-217 5.2 -- 7000.0 - 429 48.4 1.8
06/01/1994 299-W15-217 11.5 - 10600.0 - 60.3 67.1 2.1
06/101994 299-W1S-217 24.9 - 6800.0 -- 59.1 53.5 1.7
09/06/1994 299-W15-217 28.4 4.5 1420.0 57.6 20.6 11.0 0.8
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Table B-3. Characterization Data for Individual E n Wells in the
216-Z-9 Wellfield, March 1993-September . (13 Pages)

Date Wel an Intera Vauum* Plow CCI C CHC13 CH2aCI MEK
(Wa) (un/Min) (PPM") ) qE ) (9-MV) DMr)

1W/2&1994 299-W15-217 32.4 5.7 1430.0 7 57.6 77.5 5.5
11/22/1994 299-W15-217 30.6 5.2 1131.0 54 44.0 -- 3.0
01/31/1995 299-W15-217 28.4 5.3 - - - -
02/101995 299-W15-217 28.9 5.0 690.0 3 4 28.9 36.0 4.3
05/1611995 299-W15-217 26.2 5.8 150.0 1 1.0 4.6 1.0
06/02/1995 299-W15-217 15.4 1.9 63.0 14 0.0 0.2 0.1
11/29/1995 299-W15-217 20.7 2.9 104.0 27 5.9 10.1 0.8
1222/1995 299-W15-217 23.4 -- 102.0 0.9 2.8 -
04/25/1996 299-W15-217 23.9 3.3 27.2 Q 0.0 0.0 0.0
07/19/1996 299-W15-217 21.7 3.8 2.8 Oi 0.0 0.0 0.0
09/101996 299-W15-217 23.7 5.7 2.1 65 0.0 0.0 0.0
1029/1996 - 299-W15-217 16.9 7.9 71.7 0.0 2.6 0.0
07/16/1997 299-W15-217 15.7 4.7 2560 3.5 0.5 0.0
07/21/1997 299-W15-217 12.5 5.8 86.3 4.1 0.0 0.0
07/24/1997 299-W15-217 17.4 3.8 164.0 3.6 2.7 0.0
07/28/1997 299-W15-217 14.7 3.8 129.0 4 5.3 0.0 0.0
07/31/1997 299-W15-217 17.4 3.8 131.0 1 3.5 0.0 0.0
09/211997 299-W15-217 14.9 4.0 26.0 a$ 1.8 0.0 0.0
07/10/1998 299-W15-217 14.9 4.4 135.0 $14 2.7 5.8 0.0
07/30/1998 299-W15-217 12.5 4.0 504 1 1.8 1.1 0.2
08125/1998 299-W15-217 10.5 2.8 5.9 1 1.4 0.0 0.0
03/31999 299-W15-217 18.7 4.0 116.0 1 1.1 0.0 0.0
04/05/1999 299-W15-217 18.2 4.1 82.0 1 0.0 NA NA
04/12/1999 299-W15-217 17.4 4.4 65.6 1.3 0.0 1.4
04/21/1999 299-W15-217 14.9 3.8 65.2 1 0.0 5.8 0.0
04128/1999 299-W15-217 18.7 5.0 47.0 0.0 4.5 0.0
05/03/1999 299-W15-217 18.4 4.9 51.4 2 0.0 5.3 0.0
05/101999 299-W15-217 18.4 4.9 48.5 0.0 5.8 0.0
05/17/1999 299-W15-217 18.9 5.0 45.7 0.0 6.8 0.0
05125/1999 299-W15-217 17.7 4.7 40.9 it. 0.0 7.3 0.0
06101/1999 299--W15-217 18.9 4.6 45.6 0.0 7.3 0.0
06/10/1999 299-W15-217 17.4 4.5 30.5 1. 0.0 8.0 0.0
06/15/1999 299-W15-217 9.5 2.4 34.5 0 0.0 9.2 0.0
0621/1999 299-W15-217 10.2 2.6 28.0 Oil 1 0.0 9.5 0.0
06/25/1999 299-W15-217 8.5 2.0 40.4 0 1 0.0 6.7 0.0
07/232001 299-W15-217 22.4 4.8 236.0 1 3.0 15.1 1.2
08A31/2001 299-W15-217 12.0 2.5 167.0 3 1.9 6.7 0.7
08/08/2001 299-W15-217 12.7 2.5 141.0 3 1.5 4.4 0.6
08/22/2001 299-W15-217 11.7 2.7 101.0 1.0 2.7 0.7
09/05/2001 299-W15-217 10.7 2.0 65.5 1 0.9 1.7 0.3
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Table B-3. Characterization Data for Individual Extraction Wells in the
216-Z-9 Wellfleld, March 1999-September 2001. (13 Pages)

Vaamm* Flow CC1 C FluZ CHC3 CH2CI2  MEK
Dab Wen a (kOf) (_Ohnin) __v) (kg/day) mv) mv) mv)

09/12/2001 299-W15-217 8.0 1.6 54.5 0.8 0.8 1.5 0.4
09n2m2001 299-W15-217 8.7 2.0 52.2 0.9 0.7 1.0 0.3
03124/1994 299-W15-218L 24.7 4.3 808.0 31.7 4.9 7.4 0.3
03/24/1994 299-W15-218L(b) 24.7 4.3 - -- 1.2 <0.1 -
09/07/1994 299-W15-218L 274 2.9 595.0 15.9 8.8 8.8 0.5
1W2&1994 299-W15-218L 30.1 4.4 319.0 12.9 16.4 26.4 1.7
11122/1994 299-W15-218L 28.9 4.8 175.0 7.7 9.0 - 0.0
02/02/1995 299-W15-218L 26.9 4.2 - - - - -

02/14/1995 299-W15-218L 27.9 4.2 127.0 4.8 9.4 12.7 1.6
05/16/1995 299-W15-218L 25.7 5.2 17.2 0.8 0.4 3.7 0.9
08/021995 299-W15-218L 18.7 2.7 42.5 1.0 1.3 4.8 0.5
11/28/1995 299-W15-218L(c) 214 2.9 26.1 0.7 2.8 5.5 0.4
12r2"1995 299-W15-21814c) 21.9 - 23.4 - 0.5 4.1 --
04/101996 299-W15-218L 24.9 3.8 24.2 0. 0.0 2.5 0.0
05/14/1996 299-W15-218L 23.2 3.7 19.8 0.7 0.0 1.8 0.0
07/19/1996 299-W15-218L 24.4 3.8 15.0 0.5 1.1 1.6 .0.0
09/11/1996 299-W15-218L 15.4 4.1 16.1 0.6 1.1 1.6 0.0
1W29/1996 299-W15-218L 8.0 1.6 13.7 0.2 0.0 1.8 0.0
07/18/1997 299-W15-218L 19.9 3.0 20.3 0.6 3.0 0.3 0.0
0Y721/1997 299-W15-218L 12.7 2.4 21.9 0.5 2.7 1.6 0.2
07/24/1997 299-W15-218L 15.9 24 20.0 0.4 2.5 0.0 0.0
07/28/1997 299-W15-218L 14.9 2.4 20.0 0.4 2.4 0.0 0.0
07/31/1997 299-W15-218L 16.2 - 12.4 - 1.9 0.0 0.0
09/261997 299-W15-218L 18.7 2.9 16.2 0.4 2.1 1.9 0.0
06122/1999 299-W15-218L 7.5 1.4 24.2 0.3 0.0 8.8 0.0
06125/1999 299-W15-218L 10.2 2.0 22.2 0.4 0.0 6.2 0.0
09/12/2001 299-W15-218L 8.7 1.5 28.6 0.4 0.3 3.6 0.4
09/2W2001 299-W15-218L 10.0 1.6 29.6 0.4 0.2 2.7 0.3
03/25/1994 299-W15-218U 24.7 2.8 14800.0 372.3 65.2 82.7 0.0
03/25/1994 299-W15-218U(b) 24.7 2.8 - - 12.0 0.7 -
09/07/1994 299-W15-218U 29.1 3.7 424.0 14.0 7.6 4.2 0.1
10/26/1994 299-W15;218U 31.6 6.3 339.0 19.5 17.5 28.5 1.9
11/22/1994 299-W15.218U 29.1 5.0 181.0 8.1 9.0 - 0.0
02102/1995 299-WIS-218U 26.9 4.2 - - - --

02/14/1995 299-W15-2180 27.4 4.2 143.0 5.4 7.6 7.8 1.2
05/16/1995 299-W15-218U 24.7 5.1 574 2.7 0.4 7.5 1.2
05/16/1995 299-Wf5-21SU.L 25.9 8.6 37.7 2.9 1.2 5.3 1.3
08/02/1995 299-W15-218U 17.4 5.0 56.8 2.6 1.7 6.6 0.5
11/28/1995 299-W15-218U(e) 18.4 5.5 25.6 1.3 2.4 5.2 0.2
12/20/1995 299-WI5-218U(c) 19.2 - 23.8 - 0.2 4.3 -

Perfornance Eval. Report for SVE at the
June 2002

Carbon Tet. Site, Feb. 1992 - Sept. 2001
B-27



BHI-00720
Rev. 6Appendix B - Characterization Data

Tble B-3. Characterization Data for Individual E ctlon Wells In the
216-Z-9 Wellfield, March 1993-September (13 Pages)

Date Wiand interval Vacuum* Flow CC4 CC ux CHC3 CH2C1 MEK
(kPa) (wr/min) (ppm,) ) (ppmv) (ppmv) rm2y)

04/10/1996 299-WI5-218U 24.9 3.8 24.3 0.0 2.1 0.0
07/19/1996 299-W15-218U 24.9 2.4 8.8 2.1 0.0 0.0
09/11/1996 299-W15-218U 17.9 2.4 6.9 1.1 0.0 0.0
10/29/1996 299-W15-218U 7.0 2.9 15.6 04 0.0 2.5 0.0
07/18/1997 299-W15-218U 17.4 6.0 21.1 1.9 0.9 0.0
07/21/1997 299-WI5-218U 11.5 4.6 21.8 0 2.0 1.5 0.0
07/24/1997 299-WI5-218U 13.7 4.2 21.1 A6 4.8 0.0 0.0
07/28/1997 299-W15-218U 12.7 4.2 22.0 a 2.7 0.0 0.0
07/31/1997 299-W15-218U 16.2 3.3 19.1 d 3.4 0.0 0.0
09/261997 299-W15-218U 12.5 5.4 15.0 0 2.6 0.0 0.0
07/3011998 299-W15-218U 12.0 2.4 5.7 0 1.1 0.0 0.2
0615/1999 299-W15-218U 10.0 1.3 7.7 0 0.0 4.1 0.0
06/21/1999 299-W15-218U 13.9 2.6 6.0 AI 0.0 4.2 0.0
06(25/1999 299-W15-218U 10.2 2.0 7.3 2.0 0.0 0.0
03/21/1994 299-W15-219L 27.9 3.8 2360.0 84 13.3 20.1 0.3
03/21/1994 299-W15-219L(b) 27.9 3.8 - - 3.2 0.1
09/07/1994 299-W15-219L 27.6 3.5 450.0 13 : 6.4 8.0 0.3
10126/1994 299-W15-219L 29.9 3.6 341.0 i 16.6 26.5 1.7
11/22/1994 299-W15-219L 28.1 4.1 192.0 7 10.0 -- 0.0
02/02/1995 299-W15-219L 26.2 3.3 - - - -
02/13/1995 299-W15-219L 27.6 3.4 172.0 5' 10.4 15.8 1.5
05/161995 299-W15-219L 26.2 3.8 38.0 1. 0.6 4.4 0.7
08/02/1995 299-W15-219L 22.4 2.0 26.3 0. 2.0 2.2 0.1
11129/1995 299-W15-219L 19.7 1.0 23.2 0. 3.5 5.8 0.7
04/19/1996 299-W15-219L(e) 22.4 2.4 25.1 0.0 0.1 0.0
05/14/1996 299-W15-219L 23.9 2.5 20.6 0: 0.0 1.4 0.0
09/11/1996 299-W15-219L 20.2 3.3 5.2 0, _ 0.0 0.0 0.0
1W29/1996 299-W15-219L 13.9 2.6 12.8 0. 0.0 2.9 0.0
09/30/1997 299-W15-219L 15.4 2.4 10.8 0. 3.4 0.0 0.0
09/03/1998 299-W15-219L 4.7 1.0 18.3 0. 1.3 1.0 0.1
09/14/1998 299-W15-219L 4.7 1.0 16.8 0. 1.4 1.5 0.0
09/22/1998 299-W15-219L 3.0 1.0 12.4 0. 0.8 1.5 0.2
09/301998 299-W15-219L 2.7 1.0 12.6 0, 0.8 0.8 0.0
06/15/1999 299-W15-219L 10.0 1.4 24.6 0 0.0 6.8 0.0
06121/1999 299-W15-219L 11.2 1,5 21.2 0 _ 0.0 8.1 0.0
06t25/1999 299-W15-219L 7.0 1.0 20.2 0 | 0.0 4.7 0.0
03/22/1994 299-W15-219U 27.1 4.3 9710.0 384 42.2 59.1 0.0
03/22/1994 299-W15-219U(b) 27.1 4.3 -- 6.8 0.2 -
09/07/1994 299-W15-219U 28.1 3.5 490.0 1 8.4 7.0 0.3
10/26/1994 299-W15-219U 30.6 4.2 430.0 1 20.6 29.7 2.2
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Table B-3. Characterization Data for Individual Extraction Wells in the
216-Z-9 Weflfield, March 1993-September 2001. (13 Pages)

Vacuunt Flow CC4  CC 4 flx CHCI3 CHC 2  MEKDate Well a ____ (P) (t/ukn) (ppmv) (kg/day) (ppmv) (ppmv) (ppmv)
11122/1994 299-W15-219U 27.9 4.2 93.0 3.6 4.0 -- 0.0
02M1995 299-W15-219U 26.2 44 -- -- - - --

02/13/1995 299-W15-219U 26.9 4.0 72.0 2.6 5.0 5.4 0.8
05/16/1995 299-W15-219U 26.4 4.7 16.1 0.7 1.1 2.3 0.7
05/161f995 299-W15-219UL 25.2 6.8 27.0 1.7 0.8 2.5 0.3
102/1995 299-W15-219U 22.4 2.4 21.0 0.4 0.7 2.1 0.4
11129/1995 299-W15-219U 18.9 1.8 13.0 0.2 2.3 3.4 0.4
12/23=1995 299-W15-219U 21.4 -- 6.8 -- 0.4 1.6 -

04/24/1996 299-W15-2190(c) 22.4 4.1 24.1 0.9 0.0 1.1 0.0
07/23/1996 299-W15-219U 194. 2.2 4.0 0.1 0.0 0.0 0.0
09/11/1996 299-W15-219U 22.4 3.0 13.6 0.4 1.1 0.0 0.0
10/29/1996 299-W15-219) 13. 4.0 0.0 0.0 0.0 0.0 0.0
09/34/1997 299-W15-219 15.9 2.5 10.2 0.2 2.0 0.0 0.0
03/231/1994 299-W15-220L 25.9 4.2 589.0 22.5 3.0 3.8 0.3
03/23/1994 299-W15-22L(b) 25.9 4.2 -- -- 0.3 <0.1 -.

02/13/1995 299-W15-220L 27.6 4.2 190.0 7.2 9.9 11.6 1.5
09/21/1995 299-W15-220L 14.9 2.7 74.8 1.8 0.9 2.3 0.2
11/29/1995 299-W15-220L 20.2 2.8 32.6 0.8 0.0 0.7 0.0
12/20/1995 299-W15-220L 22.7 - 23.2 -. 0.7 0.8 -

04/19/1996 299-W15-220L() 26.2 2.7 1 16.8 0.4 10.0 0.0 0.0
05/14/1996 299-W15-220L 23.2 3.0 17.4 0.5 0.0 0.0 0.0
09/11/1996 299-W15-220L 19.4 3.9 10.6 0.4 1.2 0.0 0.0
10/29/1996 299-W15-220L 11.2 3.2 12.1 0.3 1.2 0.0 0.0
09/26/1997 299-W15-220L 13.4 2.1 13.5 0.3 3.0 0.0 0.0
0922/1998 299-W15-220L 2.5 1.1 9.7 0.1 0.9 0.0 0.1
09/30/1998 299-W15-220L 2.5 1.1 10.2 0.1 0.9 0.0 0.0
03/23/1994 299-W15-220U 23.2 4.5 12740.0 111.1 13.3 19.6 0.0
03/23/1994 299-W15-220U(b) 23.2 4.5 -- -- 1.0 <0.1 --

02/13/1995 299-W15-22U 26.2 5.1 231.0 10.7 10.5 12.3 1.5
08&2111995 299-W15-220U 19.9 4.5 108.0 4.4 1.5 3.2 0.1
11/28/1995 299-W15-220U 18.9 3.8 42.1 1.5 0.0 0.6 0.0
12/20/1995 299-W15-2200 20.4 -- 29.4 -- 0.6 0.5-
04419/1996 299-W15-220U(c) 26.4 4.8 21.5 0.9 0.0 0.0 0.0
0Y7)23/1996 299-W15-220U 18.7 3.5 11.4 0.4 1.4 0.0 0.0
09)10/1996 299-W15-220U 18.7 5.8 0.0 0.0 0.0 0.0 0.0
10/29/1996 299-W15-220U 10.0 3.8 8.1 0.3 1.2 0.0 0.0
09)2611997 299-W15-220U 12.7 2.7 0.0 0.0 2.6 0.0 0.0
06/22/1999 299-W15-2200 4.7 2.8 17.4 0.4 0.0 2.7 0.0
0625/1999 299-W15-220U 6.7 3.5 19.3 0.6 1.7 0.0 0.0
03/16/1994 299-W15.223 22.7 5.9 1500.0 80.5 8.4 11.3 0.1
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'Ible B-3. Characterization Data for Indivilual E v-on Wells in the
216-Z-9 Welleld, March 1993-September . (13 Pages)

Vacuum* Plow CC4 C CHC16 CH2Cb MEK
ft( ) (m3/uln) (ppmv) ) pm) (mv) Jpmv)

03/16/1994 299-W15-223(b) 22.7 5.9 -- 2.1 0.1
02/01/1995 299-W15-223 27.6 8.1 - -- - -

02/14/1995 299-W15-223 30.1 4.7 761.0 3 28.7 35.1 4.1
05/15/1995 299-W15-223 24.7 8.9 21.3 7 1.6 0.7 0.9
06/3&1995 299-W15-223 16.2 5.9 21.9 1.5 4.4 0.8
09/19/1995 299-W15-223 13.0 5.1 62.7 -- -- -

09/261995 299-W15-223 - - 18.3 - -- --
05/01/1996 299-Wl5-223 12.5 6.4 64.1 D 0.0 0.0 0.0
09/12/1996 299-W15-223 144 8.4 58.5 41 2.1 0.0 0.0
1029/1996 299-W15-223 9.0 3.9 10.0 0 4 2.7 0.0 0.0
09/21997 299-W15-223 16.2 6.6 0.0 00 2.8 0.0 0.0
06/15/1999 299-W15-223 6.7 3.0 28.9 0.0 3.8 0.0
06/21/1999 29-W15-223 9.0 3.3 10.1 - Q 0.0 4.6 0.0
09/12/2001 299-WIS-223 7.5 2.3 15.9 Op 0.2 0.5 0.2
09/2W2001 299-W15-223 8.5 2.5 9.9 RR 0.0 0.0 0.1
0&03/1993 CPT-8 23.9 0.3 54 0 - - --
05/27/1993 CPT-12 25.2 1.8 74.0 1.2 3.4 -- --

*Afjr 15/95, all measrements made at the wellhead.
*Bfore perf-at wel caing.
bas cuomograph analysis.
*Ody&ey Intlytis.
daisrj pairnig.
*Pakr deflae.
CCi4 - carbon teirachiorde
CHC1 - Chloroform
CRC12 = methylene chlorIde
MEK = methyl ethyl ketone
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PASSIVE SOIL VAPOR EXTRACTION DATA

This appendix contains data collected at passive soil vapor extraction (PSVE) systems operating
on eight wells in the 216-Z-1A/Z-18 wellfield between October 1999 and September 2001. The
eight PSVE systems an installed on wells 299-W18-6L, 299-W18-7, 299-W18-10L,
299-W18-11L, 299-W-12, 299-WiS-246L, 299-W18-247L, and 299-W18-252L. All eight
PSVE systems are installed on wells with intervals open below the Plio-Pleistocene layer. Some
well names include an 'L" following the number to designate this lower interval (e.g.,
299-Wi 8-6L); these wells also have an interval open above the Plio-Pleistocene layer that would
be designated by a "U" following the number (e.g., 299-W18-6U). In wells with two open
intervals, the intervals are isolated by a downhole packer.

All eight PSVE systems include a removable cartridge of granular activated carbon (GAC) that is
replaced monthly; samples of the GAC that was removed hrom the well are then sent to an offsite
laboratory for analysis of carbon tetrachloride concentrations. In addition, three of the wells
(299-W18-6L, 299-W18-247L, and 299-W18-252L) are instrumented to record flow, differential
pressure, temperature, and carbon tetrachloride concentrations hourly. In these three wells,
differential pressures are also monitored hourly in the well intervals open above the Plio-
Pleistocene (299-W18-6U, 299-W18-247U, and 299-W18-252U). A ninth well, 299-W18-9, has
an interval open below the Plio-Pleistocene layer, is sealed to atmosphere, and serves as a control
well. It is instrumented to record differential pressure and temperatures hourly. In wells 299-
W18-6L, 299-W18-247L, 299-W18-252L, and 299-W18-9, temperatures are measured at 3 m
and 61 m below the top of the well. Differential pressures are also monitored hourly at
three stainless steel tubes open at depths above, between, and below the two screens on well 299-
W1 8-252 and at five soil vapor probes installed above the Plio-Pleistocene layer at CPT-4F.

The PSVE systems are described in Section 3.0 of this report. Evaluation of the data is provided
in Section 5.7 of this report. The locations of the PSVE systems and associated differential
pressure monitoring are shown in Figure 5-46.

The following data are included in this appendix:

* Carbon tetrachloride concentrations monitored hourly at the three instrumented PSVE
systems (Figures C-1 through C-3)

* Chloroform concentrations monitored hourly at the three instrumented PSVE systems
(Figure C-4 through C-6)

* Methylene chloride concentrations monitored hourly at the three instrumented PSVE systems
(Figures C-7 through C-9)

" Comparisons of flows and differential pressures monitored hourly at the three instrumented
PSVE systems in FY 2000 (Figures C-10 through C-12) and FY 2001 (Figures C-13 through
C-15)

C-1
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* Temperatures monitored hourly at the three instrumented PSVE systems and at the sealed
control well (Figures C-16 through C-19)

* Monthly comparisons of carbon tetrachloride concentrations monitored hourly at the three
instrumented PSVE systems (Figures C-20 through C-36).

* Sample collection and analysis data for the GAC cartridges at the eight PSVE systems
(Tables C-1 through C-24)

* Volume of water drained from GAC cartridges and hoses during sample collection at the
eight PSVE systems (Table C-25)

* Passive soil vapor extraction well network parameter and instrumentation (Table C-26)

* Summary of contaminant concentrations, differential pressured, and flowrates measured
during passive soil vapor extraction (Tables C-27 and C-28)

C.1 MONTHLY GAC CARTRIDGE SAMPLING AND ANALYSIS

The following method is used to collect samples from the passive gAC sample cartridges:

1. Upon arrival, collect all 8 previously-prepared samplecartri stored at the site. Each of
the cartridges has been assigned to a specific well and labeled - cordingly. At each of the
passive well sites, replace the in-line cartridge with the corresponding cartridge of clean
GAC.

2. Sample each of the removed cartridges by pouring the GAC 4 a plastic bag. Weigh the
used GAC from the cartridge and record the weight. Using a srrile scoop, mix the GAC in
the bag thoroughly and fill sample jars with sample media. TIe sample jar size is 250 mL.

3. Fill the cartridge with approximately 0.45 kg (1 lb) of clean GAC. Weigh the clean GAC
used to fill the cartridge and record the weight.

4. Store the re-filled clean cartridges for use during the next sampling event the following
month.

The volume of drainable water contained in the used GAC cartridMgs and/or in the PSVE hoses is
estimated and recorded by the sampler. Routine inspection by the il vapor extraction system
operator also resulted in occasional water drainage from the PSVE hoses.

The sampling is performed in accordance with the following procedures:

e BHI-EE-01, Procedure 1.5 "Field Logbooks"

C-2
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* BHI-EE-01, Procedure 3.0 "Chain of Custody"
* BHI-EE-01, Procedure 3.1 "Sample Packaging and Shipping"
* BHI-EE-01, Procedure 4.4 "Container Sampling."

At the off-site laboratory, a subsample of the GAC sample is used for analysis. Initially, two
methods were selected for analysis of carbon tetrachloride on the GAC: bomb combustion to
obtain a total volatile organic compound (VOC) concentration (i.e., total chloride concentration)
and traditional volatile organic analysis (VOA) (SW-846 method 8260) to obtain individual
VOC concentrations. The purpose of selecting two methods was to evaluate whether the
traditional method was detecting all of the VOC by comparing the total VOC concentration to
the sum of the individual VOC concentrations. The laboratory also provides % moisture for each
sample.

Based on initial analytical results, the bomb combustion method was discontinued. Because of
the water content on the GAC, the laboratory was unable to get the GAC to bum consistently. In
the October 1999 analytical results, low total chloride results correlate to GAC noted to be wet at
time of sampling (Tables C-1 and C-2). In addition, the high carbon tetrachloride concentrations
detected by the traditional VOA method suggested that the traditional VOA method (which does
not have a low detection limit) would be adequate to analyze the samples. Therefore, the bomb
combustion method was not retained for analysis of the GAC.

Because of the high carbon tetrachloride concentrations, the VOA method was modified to be
"medium level." In the medium-level method, methanol is used to extract carbon tetrachloride
from the GAC. This approach improves the consistency of the laboratory results and avoids
overwhelming the gas chromatograph with high concentrations. Although using methanol may
result in a more thorough removal of the carbon tetrachloride for analysis, it also results in
dilution of the sample. Dilution of the sample may explain the results for chloroform being
below the detection limit in later analyses.

The mass of carbon tetrachloride on each cartridge of GAC is calculated according to the
following method:

1. Receive laboratory values based on as-received material:
a. carbon tetrachloride concentration as (micrograms of carbon tetrachloride)I(kilograms of

GAC and water) in aliquot, where the GAC in the aliquot consists of GAC and water;
b. percent solids as (kg of dry GACy(kilograms of GAC and water)* 100

2. Divide the carbon tetrachloride result by the percent solids, providing (micrograms of carbon
tetrachloridey(kilograms of dry GAC)

3. Multiply by the dry weight of GAC in the cartridge measured by the sampler before the
cartridge is placed on the well, providing (micrograms of carbon tetrachloride)

Grams of carbon tetrachloride = [(sg CCI4)/(kg GAC+water)/(percent solids)]* (kg dry
GAC)*(l g)/(1E+06 pg).

C-3
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C.2 HOURLY WELLHEAD SAMPLING AND ANALYSIS

Three of the eight wells used for passive extraction (299-W18-6L, 99-W18-247L,
299-W18-252L) are also instrumented to record hourly data (flow ifferential pressure,
temperature, and carbon tetrachloride concentrations). The flow, ure, and temperature data
are recorded on Campbell dataloggers; the carbon tetrachpxide ntrations are stored in the
memory of the B&K monitors. The hourly data are downloaded m the dataloggers and from
the B&Ks every 2 to 4 weeks. The instruments are powered by power. The flow meters
measure flow in 1.2-m (4-ft) lengths of 10.2-cm (4-in.)-diqmeter C pipe built in-line with the
flexible hoses (Figure 3-3). Twelve additional locations in the 21 1A/Z-18 well field are
instrumented to measure hourly differential pressure and/ar tempo ture data that is recorded on
a datalogger, downloaded every 2 to 4 weeks, and powered by line power. The instrumentation
used at these locations is identified in Table C-26.

At each of the three instrumented wells, a sampling pump is used t pull a vapor sample from the
wellhead for analysis by the B&K to protect the internal ppnp in, B&K from pulling against
the downhole differential pressure. The sampling ptump rqleans 4vapor sample into a buffer
jar which has a narrow diameter tube to atmosphere to maintain ient pressure in the sample
chamber. The internal pump on the B&K samples from the buffer ar.

The datalogger is programmed to turn on the sample pump to a l.e the well at 2 minutes
before the hour. The datalogger is programmed to turn off the tc pump at 5 minutes after
the hour. After downloading the B&K, the sampler turns on the at a time close to, but
after, 5 minutes after the hour (e.g., 6 minutes after the ho T). &K is programmed to
sample every 60 minutes after that (in this example, theoretically* ays sampling at 6 minutes
after the hour). However, the B&K internal clock loses time at a raite of approximately 7 minutes
every 2 weeks.

The datalogger is programmed to measure temperature, pressure, ad flow every ten seconds and
to save the data in an intermediate memory. At the end of each hour, the data are averaged and
the result recorded as a single data point for that hour.

To calculate the mass removed using the flow and concentration 4 the B&K data must be
assigned to the top of the hour to be associated with the corespoi4ng flow data. Because of the
drifting B&K clock, the following rule was used to assign $&K I to a particular hour If the
B&K analysis is recorded at a time later than 2 minutes before thaour and earlier than
2 minutes before the following hour, the data is assigned to that hour. For example, data
collected between 9:58 and 10:58 is assigned to 10:00.

In January 2000, it was discovered that at well 299-W18-247L, th- ample tube length had been
entered into the B&K computer program as 0 ft, instead of 10 ft. take sample tube length affects
the purge time for the sample loop (the B&K calculates the purge ilume/time based in part on
sample tube length). Between October 1999 and January 2000, c, ton tetrachloride
concentrations recorded at this well were very low. After Jan concentrations became
detectable and followed a typical venting well pattern (rising and ling with barometric

Performance Eval Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept 2 0
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pressure fluctuations). Therefore, concentration data collected prior to correcting the parameter
in the B&K computer have been disregarded as unrepresentative.

After January 15, 2001, the soil vapor results from well 299-W18-247L are flagged with an "X".
The flag is automatically supplied by the B&K instrument and indicates an error message. These
data do not appear to be representative of the passive soil vapor extraction process. On April 4,
2001, the sampler noted that the B&K internal sample pump was not working. It is assumed that
the error flag is a result of the malfunctioning pump, and these data were not retained for
analysis.

The mass of carbon tetrachloride removed is calculated based on the following formula:

Grams of carbon tetrachloride = X ppmv * Y ft3/min * 60 min/hr * hr * (/E+06)*
153.84 gmol * 1 mol/22.4 L (0 *C, I atm) * 273 *K/298 *K * 28.32 IJft.

C-5
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Figure C-1. Carbon Tetrachloride Concentrations 4 onitored Hourly
at Well 299-Wi-6L, October 1999 through April 2001.
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Figure C-2. Carbon Tetrachioride Concentrations Monitored Hourly
at Wel 299-W18-247L, October 1999 through April 2001.
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Figure C-3. Carbon Tetrachloride Concentrations onltored Hourly
at Well 299-W18-252L, October 1999 throuh April 2001.
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Figure C-4. Chloroform Concentrations Monitored Hourly at Well 299-W18-6L,
October 1999 through April 2001.
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Figure C-5. Chloroform Concentrations Monitored Hourly at Well 299-W18-247L,
October 1999 through April 2001.
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Figure C-6. Chloroform Concentrations Monitored Hourly at Well 299-W18-252L,
October 1999 through April 2001.
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Figure C-7. Methylene Chloride Concentrationp Moxitored Jurly at Well 299-W1S-6L,
October 1999 through April 2001.
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Figure C-S. Methylene Chloride Concentrations Monitored Hourly at Well 299-WI8-247L,
October 1999 through April 2001.
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Figure C-9. Methylene Chloride Concentrations Monitored H4urly at Well 299-W1S-252L,
October 1999 through April 2001.
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Figure C-10. Comparisons of Flows and Differential Pressures Monitored Hourly
at Well 299-W18-6L, October 1999 through September 2000.
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Figure C-11. Comparisons of Flows and Differential 4res Monitored Hourly
at Well 299-W18-247L, October 1999 through September 2000.
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K-

Figure C-12. Comparisons of Flows and Differential Pressures Monitored Hourly
at Well 299-W18-252L, October 1999 through September 2000.
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Figure C-13. -Comparisons of Flow and Differential Pressurebionltored
299-W18-6L, October 2000 through June2001.
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Figure C-14.
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299-W1S-247L, October 2000 through June 2001.
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Figure C-15.
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Comparisons of Flow and Differential Pressur Monitored Hourly at Well
299-W18-252L, October 2000 through June 2001.
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Figure C-16. Temperatures Monitored Hourly at TOp and Bottom of Well 299-W1S-6L.
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Figure C-17. Temperatures Monitored Hourly at Top and Bottom of Well 299-W1S-247L.
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Figure C-22. Comparison of Carbon Tetrachloride Concentrations Monitored Hourly
at Wells 299-W18-6L, 299-W18-247L, and 299-W18-252L, December 1999.
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Figure C-23. Comparison of Carbon Tetrachloride Concen tlons Monitored Hourly
at Wells 299-W18-6L, 299-W18-274L, and 299-W18-252L, January 2000.
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Figure C-24. Comparison of Carbon Tetradhoride Concentrations Monitored Hourly
at Wes 299-W18-6L, 299-W1-247L, and 299-W18-252L, February 2000.
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FIgure C-25. Comparison of Carbon Tetrachloride Concet dons Monitored Hourly
at Wells 299-W18-6L, 299-W1S-247L, and 299-W18-2L, March 2000.
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Figure C-26. Comparison of Carbon Tetrachloride Concentrations Monitored Hourly
at Wells 299-W18-6L, 299-W18-247L, and 299-W18-252L, April 2000.
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Figure C-27. Comparison of Carbon Tetrachloride Concemations Monitored Hourly
at Wells 299-W18-6L, 299-W18-247L, and 299-W1&i252L, May 2000.
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Figure C-28. Comparison of Carbon 'trachlorlde Concentrations Monitored Hourly
at Wells 299-W18-L, 2f9-W18-247L, and 299-W1S-252L, June 2000.
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Figure C-29. Comparison of Carbon Tetrachloride Conceb ations Monitored Hourly
at Wells 299-WIU-6L, 299-W18-247L, and 299-W1- 252L, July 2000.
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Figure C-30. Comparison of Carbon Tetrachloride Concentrations Monitored Hourly
at Wells 299-W1S-6L, 299-W18-247L, and 299-W18.252L, August 2000.
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Figure C-31. Comparison of Carbon Tetradhloride Concea4tons Monitored Hourly
at Wells 299-Wi8-6L, 299-W18-247L, and 299-W18-252L, September 2000.
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